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When we look at these questions (of cure, of unexplained 
fever) from the aspect of morbid anatomy we can well 
understand how much further investigation is required to 
answer them, and how much our difficulties are increased by 
the great rarity of fatal rheumatic heart disease in the very 
earliest phases of the illness in man.—Poynton. 


The basis for this thesis is the opportunity furnished me, as medical 
examiner of Suffolk County, to study the early phases of rheumatic 
endocarditis in persons who came to violent deaths while in apparent 
full health, or who died suddenly without hospitalization, and on whose 
cardiac valves were found—often as casual discoveries, unrelated to the 
cause of death—the early lesions of rheumatic endocarditis. 

The hospital pathologist deals largely with the end-results of 
rheumatism, in which the disease itself, the inefficiency of tissues due to 
its lesions, or superinfections, terminal or otherwise, lead to the fatal out- 
come. The literature is rich in contributions based on this material, but 
lacking in those based on the initial or early lesions. 

There is presented in the following paper a description of an unusual 
tissue reaction in the form of a cell palisade along the contact edges 
of the cardiac valves, which appears to be a specific response of allergic 
tissue to an infection. In its earliest phase it has not been described in 
the literature. The absence of an acute inflammatory reaction in the 
tissues of the valve, and the apparent efficiency of the defense afforded 
to the underlying tissues in the presence of infecting organisins on the 
surface, are striking. The process is diffuse, covering the whole of the 
contact edge of the valve. 

The probable method of evolution of the verruca, characteristic of 
rheumatic endocarditis, as the result of focal injury to the cells of this 
palisade, is illustrated. Furthermore, the diffuse formation of scar 
tissue directly from the cells of the palisade explains the diffuse scarring, 
apart from the verrucae, met with in rheumatic endocarditis. 

The endocardial lesions of rheumatism have been given less attention 
since Aschoff’s description of the myocardial nodule. And yet these 


* Submitted for publication, April 16, 1931. 
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lesions are the most constant and grossly the most characteristic evi- 
dences of rheumatic infection. Poynton and Paine? found mitral 
lesions in 149 of 150_hearts of children dying from rheumatic morbus 
cordis, while in the literature on the Aschoff nodule Clawson* found 
records of 250 hearts with rheumatic endocarditis or chorea, examined 
for Aschoff nodules, in 26 per cent of which no nodules were dis- 
covered. 

Reasons for believing that the cell palisade is an early reaction of 
rheumatic infection are discussed. If, as appears, this lesion is an early 
and characteristic response to rheumatic infection, it supplies a desid- 
eratum for experimental effort more definite than the nondescript 
valve lesions which have been produced so far. 

Most of the textbook illustrations of rheumatic lesions of the cardiac 
valves deal with advanced processes the evolution of which is ignored. 
A rational explanation of the origin of these lesions, particularly the 
vegetations, seems to be evident from the material presented here. 


THE LESIONS 
The principal material for this study was obtained from three 
patients: the earliest phase from an apparently healthy boy of 6 years, 
whose death was due to violence, with an endocardial lesion of the mitral 
valve before verruca formation; an intermediate phase from a girl of 


18 years, who had mitral stenosis for eight years before her death, 
with the endocardial lesion on the tricuspid valve, associated with 
verrucae formation in various stages; a late phase from a man, aged 51, 
who had an old, but not advanced, mitral process, with the lesion on 
the mitral valve, and showing pseudoverrucae due to thrombus 


formation. 


CasE 1—J. B., 6 years of age, was struck by an automobile and killed prac- 
tically instantly. Inquiry at his home disclosed that except for an attack of 
measles when he was 5 years of age he had had no serious illnesses. He was 
an ordinary boy, not particularly robust, and had complained at times of a sore 
throat with an occasional head cold, the last attack having occurred several weeks 
before his death. His recovery from this condition had been apparently complete. 
The postmortem examination, apart from the evidences of violence, which included 
a fractured skull, disclosed no gross or microscopic changes except those found 
in the heart and tonsils. 

The heart was of normal size. Along the whole of the contact edge of the 
mitral valve was a delicate yellowish band, as though one had dipped a brush in 
fibrin and painted a narrow girdle, in general about 0.2 cm. in width, but varying 
up to 0.5 cm. in places, along the whole circumference. There were no vegetations 
at any point. Smears from this layer showed gram-positive diplococci. 

The tonsils were small with scarred surface and small crypt openings. Section 
disclosed bottle crypts, one in each tonsil containing puriform material. Smears 


2. Poynton, F. J., and Paine, A.: Researches on Rheumatism, New York, 


The Macmillan Company, 1914, p. 34. 
3. Clawson, B. J.: The Aschoff Nodule, Arch, Path. 3:664, 1929, 








Fig. 1.—The cell palisade on the surface of the mitral valve; *« 106. 





Fig. 2 (case 1).—Group of cells of the palisade, with details of the exudate; x 485. 
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from this material showed. pus with predominating gram-positive diplococci and 
short-chained streptococci. Cultures from the cardiac valve produced a growth 
of Streptococcus viridans in purity. From one tonsil an almost pure culture of 
S. viridans was obtained. 

Microscopically the valve showed recent and older lesions. The contact edge 
of the valve was covered by a continuous layer of cells set on edge at right angles 
to the valve surface. These cells were elongated with ovoid or pyriform cell 
bodies attached to the subendocardial tissue by their bases and with oval vesicular 
nuclei. The cell bodies were prolonged by delicate filiform extensions that 
terminated in oval bulbous ends at the surface. Between the filiform extensions 
were delicate fibrillae and interfibrillar spaces. In places the cells were grouped 
in series with the cell bodies accommodating themselves to one another in an 
arrangement corresponding somewhat to that found in the stratified columnar 
epithelium of the lower larynx or trachea. Here and there in this layer 
occurred free cells, oval or irregular, without obvious processes, and with oval 
or indented vesicular nuclei. Where edema was present there was wide separation 
of the cells and particularly of their processes. Mitotic figures were rare. The 
whole effect of this layer was that of an orderly palisade of cells guarding the 
injured valve surface. 

The surface of this palisade was covered by a thin layer of red cells, with 
fibrin, not compact, but in a rather coarse meshwork. An almost continuous 
single row of polymorphonuclear leukocytes lay along the cell processes beneath 
the fibrinous layer. Gram-positive diplococci were scattered through the meshes 
of the fibrin and in rare masses here and there. 

The tissues beneath the palisade were slightly edematous and infiltrated with 
cells, some of the type of lymphoid and plasma cells, but for the most part with 
large, oval vesicular nuclei and having the character of histiocytes. There was 
also evidence of an increase in the fixed fibroblasts. The tissues about the contact 
edge were avascular, save that a vessel appeared beneath the portion of the lesion 
nearest the base of the valve. 

This was the standard picture of this portion of the valular lesion. In places, 
however, the ends of the cell processes of the palisaded cells showed degeneration, 
and took the eosin stain heavily, appearing as a continuous beaded line. This 
effect seems to be the result of injury. Elsewhere, apparently due to more serious 
injury, the affected cell processes were fused into a dense hyaline material, 
staining even more deeply with eosin. Where the damage was still greater, 
associated with clumps of bacteria, the orderly grouping of the cells was replaced 
by a more chaotic arrangement, and regions of necrosis of the surface layer 
about bacterial masses were found. es 

In older lesions of the valve, there was definite vascularization of that portion 
of the valve leaflet nearest its base in the form of young vessels with cellular 
walls. 

Portions of the valve surface showed over considerable areas chaotic dis- 
arrangement of the cells of the palisade, many of which were necrotic in places. 

Over a large area in some sections alongside of the palisaded area the surface 
was covered by a relatively acellular connective tissue presenting in general a 
smooth surface, but covered intimately by a thin layer of necrotic material. In 
this portion of the valve there were found just beneath the surface a few larger 
collections of bacteria, which lay in oval or angular spaces. In these regions the 
surface layer was necrotic, the necrosis extending about the bacterial masses, so 
that it was difficult to determine whether the spaces containing the organisms were 





Fig. 3 (case 1).—The beaded necrotic end-plates of the cells of the palisade. 
Note the free cells—histiocytes; « 650. 





Fig. 4 (case 1).—An octopus-like hyaline necrotic mass. The projections are 
the necrotic processes of cells, which show disorganization below; « 650. 





Fig. 5 (case 1).—Bacteria in masses in spaces in the necrotic surface layer of 
the valve; « 830; Gram-Weigert stain. 


a 


Fig. 6 (case 1).—Bacteria as diplococci or in small masses scattered in the 
exudate on the surface; « 1,115; Gram-Weigert stain. 
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vessels. Their appearance suggested it, but no vessels were found in the sur- 
rounding valve tissue. In the necrotic area some of the histiocytes exhibited 
pyknotic nuclei, and the cell bodies took a deep stain. Lymphoid cells within the 
necrotic region still took the nuclear stain. No acute inflammatory reaction 
appeared about these necrotic regions. 

In the palisaded area bacterial masses were found lying within folds of the 
valve edge, which were overhung by the surface layer in such manner that the 
spaces containing the organisms could well have been converted into a semblance 
of the picture described in the foregoing paragraph when necrosis took place. 

The tissues of the body of the valve showed edema with infiltration by histio- 
cytes and by lymphoid and plasma cells. There was also an apparent increase in 
fibroblasts. Striking was the absence of polymorphonuclear leukocytes in all parts 
of. the valve tissues. They were found only in the deeper layers of the exudate on 
the valve surface. 


Case 2.—D. H.., a girl, was admitted to the Boston City Hospital May 29, 1923, 
at the age of 11, with rheumatic fever and subacute endocarditis of the mitral 
valve. At the age of 1% years she had diphtheria and at the age of 7 years 
whooping cough. There was no history of tonsillitis or of growing pains. She had 
been active physically and bright mentally. One month before entry she had been 
in bed for a day or two with a cold in the head and a sore throat. She improved 
promptly and returned to school. She continued at school throughout the week 
preceding her admission to the hospital, though she had recurring attacks of sharp 
pain in the upper part of the abdomen, lasting about an hour and occurring often 
twice a day. On Sunday, May 28, the pain was more severe and kept her awake 
until the middle of the night, being finally relieved by a hot water bottle. She 
was admitted to the hospital on the following morning. She complained of pain 
in the left great toe. 

Physical examination disclosed injection in the pharynx. The tonsils were 
small, with injection on the surface, which showed no exudate. There were a few 
palpable anterior and posterior cervical glands. There was marked tenderness 
over both angles of the jaw. 

The heart was not enlarged. The apical beat was just below the nipple. There 
was no precordial impulse. The right border was at the right sternal margin; 
the left was 7.5 cm. to the left of the midsternal line. Over the mitral and pulmonic 
areas and along the left border of the sternum there was a soft systolic murmur, 
not transmitted to the axilla. The heart sounds were clear and distinct. The 
rate and rhythm were regular. The right metatarsophalangeal joint was swollen 
and tender. 

Two days after the patient’s entrance a rough systolic and mid-diastolic murmur 
was heard at the apex. The systolic murmur was heard over the aortic area. At 
times a diastolic murmur, singing in quality, was heard to the left of the sternum. 

Pain developed in the right upper thigh, left ankle and right knee, but was 
controlled by salicylates and oil of wintergreen dressings. 

The temperature varied from 99.8 to 102 F. during the first three days of the 
patient’s hospitalization and then dropped to normal. A second rise in temperature 
occurred between the fourteenth and eighteenth days. White blood cells were 
17,000 on the second day, dropping to 6,400 on the twelfth day. The patient was 
discharged from the hospital on the forty-eighth day with a mid-diastolic murmur 
heard in the third left interspace. 

There is no further medical record save that a district physician of the Boston 
Dispensary was called Aug. 27, 1929, when the patient was suffering from a cold. 
He made a diagnosis of rheumatic heart disease: mitral stenosis. 
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The girl worked as a coffee packer up to the day before her death, which 
occurred Oct. 23, 1930. On that evening she attended a dance, as was her custom 
at intervals. She was seized with chills and dyspnea. The next morning a local 
doctor was called, who found her flushed, dyspneic and cyanotic, with dulness over 
the anterior part of the chest. He made a diagnosis of lobar pneumonia and 
ordered hospitalization. She was pronounced dead on arrival at the hospital. 

Postmortem examination revealed a well developed, but rather poorly 
nourished, girl. The length of the body was 5 feet, 2 inches (157.5 cm.) ; the weight 
was 92 pounds (41.7 Kg.). There was no clubbing of the fingers; there was some 
cyanosis of the lips, but only moderate lividity of the back. There was white 
froth in the mouth. 

The heart weighed 255 Gm. The mitral valve appeared as a somewhat 
thickened, opaque membrane showing no distinction between anterior or posterior 
flaps and with an almost central oval opening, 1.5 by 0.7 cm. The edges of the 
orifice ‘were smooth, without suggestion of vegetations. The left auricle and 
ventricle were moderately dilated. The endocardium lining the left auricle was 
thickened and opaque, with some flattening of the irregularities of the wall. The 
aortic valves showed slight old thickening about the corpora arantii. 

On the tricuspid value was a discontinuous series of verrucae with an inter- 
vening slightly raised, roughened, yellowish layer along the whole of the contact 
edge. At the base of the posterior or septal flap there was valvulitis with 
fibrous adhesion of the proximal portion to the underlying muscle. Along the 
contact edge of this flap was a series of flat, plaquelike granulations. 

There was massive edema of both lungs. The other organs showed only 
general passive hyperemia. 

Microscopic examination of the tricuspid valve revealed along the contact edge 
collections of small verrucae, as many as four in series appearing in some sections 
made at right angles to the edge. Between the verrucae, and in places where 
there were no verrucae, a palisade of cells, irregular in places, and set at right 
angles to the edge, was found. This palisade was also present on the surface of 
most of the verrucae. Unlike the lesion described in the heart showing the first 
phase of this stage, the surface of the palisade was covered only by a thin layer 
of hyaline necrotic material, or masses of platelets with occasional clumps of 
polymorphonuclear leukocytes, or by a thin layer of red blood corpuscles evidently 
recently deposited. Examination revealed no bacteria. 

The palisade was less perfect than that in case 1. In places there was heavy 
infiltration of this layer with histiocytes. In other places there was edema with 
degeneration and evident loss of a large portion of the cells. The picture in these 
degenerating regions approached that found in case 3. 

The valve tissues showed in places infiltration by lymphoid cells, with a 
rare polymorphonuclear leukocyte, and histiocytes, occasionally in mitosis, were 
found in small numbers through the tissues adjacent to the contact edge. 

There was evidence of an older process of repair in a diffuse increase of con- 
nective tissue, in vascularization of the valve beneath the verrucae, and in extensive 
vascularization of one of the larger verrucae. In one region there was a definite 
small focus of granulation tissue on the surface of the valve. 

Beneath the cell palisade in places was a loose, somewhat edematous young 
connective tissue in which it was possible to make out the transformation of the 
cells of the palisade into connective tissue by the formation of intercellular 


fibrillae. 
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Fig. 7 (case 2).—Cell palisade covered with platelets; x 80. 





Fig. 8 (case 2).—Detail of cell palisade in an edematous portion. Note the 
bulbous end-swellings of the cells in the middle region; x 400. 
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Aschoff- nodules were found with little difficulty. 

The pulmonary process was one of massive edema. No acute inflammatory 
reaction was present. The alveolar vessels showed injection, with some thickening 
of the alveolar walls and histiocytic infiltration. In the alveoli were collections 
of large cells containing hemosiderin, averaging perhaps three per alveolus. Many 
alveoli contained none,.and a few alveoli were crowded with massed cells. There 
was no infiltration by polymorphonuclears or formation of fibrin. 

In the other organs was present only a moderate degree of chronic passive 
hyperemia. 


CasE 3.—M. T., a chronic drunkard, 51 years old, was known to have fallen 
on the street several days before his admission to the Boston City Hospital, and 
was found unconscious by his landlady after a continued spree. He died three 
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Fig. 9 (case 2).—Formation of connective tissue from the cell palisade; x 200. 


days after entrance, without recovering consciousness and without exhibiting any 
localizing cerebral symptoms. 

The postmortem examination disclosed a scalp wound without fracture of the 
skull. There. were present chronic pachymeningitis and leptomeningitis. The 
cerebral vessels were markedly sclerotic, and section of the brain revealed series 
of small foci of softening in the silent area characteristic of arteriosclerotic disease 
with thrombosis. ‘There was massive bilateral bronchopneumonia. In the spleen 
were a series of recent hemorrhagic infarcts. 

The heart weighed 410 Gm. The anterior flap of the mitral valve was 
thickened along the contact edge, and there was some shortening with thickening 
of the chordae near their attachments to the midportion of this flap. Attached 
to the midregion of this flap was a vegetation-like mass of clot, and a smaller 
mass lay along the contact edge to the left of the midline. A similar mass, 





Fig. 10 (case 3).—Remains of degenerating cell palisade; x 80. 


Fig. 11 (case 3).—Detail of degenerating cell palisade; x 400. 
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elongated laterally, was present in the midportion of the posterior flap along the 
contact edge. There was marked dilatation of the cavity of the left auricle, with 
thickening of the endocardium and flattening of the folds. 

Microscopically the pseudoverrucae on the valve surface were made up of 
clotted blood, rich in fibrin and platelets, which was attached to portions of the 
surface denuded of endocardium and made up necrotic, dense, relatively acellular 
connective tissue. Alongside of the necrotic region the valve surface was covered 
by a layer of cells showing high-grade degeneration. These cells were set at right 
angles to the surface. The cell bodies were shrunken and in part fragmented, and 
the intervening space was occupied by delicate fibrillar material, the general direc- 
tion of which was at right angles to the surface. Many of the cells appeared as 
almost naked nuclei, having lost most of their cytoplasm, fragments of which lay 
in connection with, or slightly separated from, the perinuclear mass. 

The whole picture of this third phase indicated high-grade degeneration of a 
palisade-like layer of cells, proceeding to atrophy and necrosis without shrinkage 
in the size of the layer which the cells had originally made up. The sites which 
they occupied had come to be filled with an edematous, loose-meshed fibrillar 
structure with a distinct suggestion of mucoid degeneration. It is this phase that 
has been described by K6niger* in five cases of lesions of the mitral valve and 
discussed by Ribbert.5 

COM MENT 

The Cell Palisade—tIn case 1, in which the palisade was seen in 
greatest perfection, certain conclusions are apparently justified. There 
can be little question that this was a reaction of defense. The orderly 
arrangement of the cells with their processes bristling toward the sur- 
face suggests that protection was being furnished against an injurious 
agent located on that surface. The relation of the bacteria to the cells 
supports this thesis. It is further indicated that the reaction arose on 
the surface of the valve and not from the depths. The absence of 
vascularization in the tissues of the valve below the palisade, save for 
one vessel beneath the edge of the palisade on the proximal side, is con- 
firmatory as far as it goes. 


The only acute exudative elements were found on the surface of the 
lesions. There were no polymorphonuclears or fibrin in the valve 
tissues. The exudate must therefore have been formed from the blood 


flowing over the surface. 

In acute inflammation the mobilization of reserve polymorphonuclear 
leukocytes from the marrow, and their concentration at the locus of 
injury, have been likened to the mobilization of an army and its trans- 
portation to the seat of war. It is a general defensive movement. The 
reaction illustrated by this palisade is a local defensive effort, analogous 
to the military procedure in trench warfare. 


4. K6éniger, H.: Histologische Untersuchungen iiber Endocarditis, Arb. a. d. 
path. Inst. zu Leipsig, 1903-1908, nos. 1-5, p. 40. 

5. Ribbert, H.: Die Erkrankungen des Endokards, in Henke and Lubarsch; 
Handbuch der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
Springer, 1924, vol. 2, p. 217. 
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Gay and his co-workers ° showed that the efficient defense against 
streptococcal infection is not that produced by an acute inflammatory 
exudate, but that depending on the activities of histiocytes. The pali- 
sade formation on the cardiac valves is a more complex reaction than 
the relatively simple mobilization of either polymorphonuclear leuko- 
cytes or histiocytes, each of which presumably responds to simple 
chemotaxis. These mobile cells, when attracted to the site of injury, act 
as individual units, though often massed into groups. There is no 
interaction between individual cells. The palisade, on the other hand, 
is an evident cooperative reaction, with the establishment of an orderly 
relation between the component fixed cells and the associated histiocytes. 
Its appearance suggests that the effort is carried out by tissues in a 
state of preparedness. The evidence in all these valves of earlier infec- 
tion, i. e., the indication that the active process was the result of reinfec- 
tion, further suggests that this state of preparedness probably arises as 
the result of allergy. 

In trying to connect the palisade with other tissue reactions the most 
obvious possible relation is to granulation tissue. Granulation tissue is 
due primarily to a vascular reaction. The implication that the palisade 
takes on its peculiar formation on the valves because these structures 
lack blood vessels is unsatisfactory, because in case 2 vascularization of 
the valve was general. In places vessels were found directly beneath 
regions showing almost perfect palisade formation. Alongside such a 
region was found one small focus of granulation tissue, with a multi- 
plicity of new vessels exposed almost naked on the surface, in sharp 
contrast to the palisade surface, in which the vessels displayed less 
activity and did not approach the cells of the palisade. 

There are three possible sources of the cells of the palisade. They 
may be derived from endothelial cells, but the evident destruction of 
the endothelium in toto over the affected region makes this highly 
improbable. They may arise from histiocytes which become fixed in 
position after wandering to the valve surface. The fixation of the 
cells, the presence of mobile histiocytes in the palisade, and the 
formation of connective tissue directly from the palisade in the valve 
in case 2 make this origin improbable. The most reasonable explanation 
is that the palisade is evolved from fibroblasts. The formation of inter- 
cellular fibrillae could be seen as the cells of the palisade grew older, and 
every stage toward the formation of fibrous connective tissue could be 
followed. Sections stained by Mallory’s (aniline blue) connective tissue 
and phosphotungstic acid hematoxylin stains also indicate the connective 
tissue character of the cells. 

6. Gay, F. P., and Linton, R. W.: The Histology of Local Streptococcus 
Immunity, Proc. Soc. Exper. Biol. & Med. 23:325, 1925-1926. Gay, F. P., 
and Clark, A. R.: Further Note on the Relative Protection of Polymorphonuclear 
and Mononuclear Cells in Local Streptococcus Infection, ibid. 27:995, 1930. 
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The relation of the sind to rheumatic infection is definite. Rheu- 
matic lesions are said to be polyblastic and proliferative (i. e., histiocytic 
and fibroblastic). The lesions described here were polyblastic and pro- 
liferative. In case 2, occurring in a patient with chronic rheumatism, 
the process on the valve arose in association with verrucae forma- 
tion in a heart that had undergone mitral stenosis following an attack 
of rheumatic fever, and in which young Aschoff nodules were found. 
In case 1, in which examination was made many years ago, before the 
search for Aschoff nodules became routine, there was no record of their 
presence or of their absence. In case 3 the lesions were inactive, but in 
the myocardium there were small scarred regions which might well have 
marked the sites of Aschoff nodules. The scarring of the valve sur- 
face in its character and location was typical of a repaired rheumatic 
infection. Moreover, examination of relatively acute rheumatic lesions 
of cardiac valves in other cases has led to the finding of at least rem- 
nants of the palisade, particularly in the interverrucal regions, in proc- 
esses which had not progressed too far toward healing. The palisade 
seems to be an early stage of the reaction to rheumatic infection. 

In case 1, in which the palisade formation was most perfect, 
bacteria were present on the surface of the lesion. In case 2 with a less 
perfect palisade no bacteria were found. In case 3 the process repre- 
sented advanced degeneration.of the palisade in a valve in which the 
adjacent layer of the surface had undergone extreme scarring, with 
necrosis and clotting on the necrotic area. No bacteria would be 
expected in such a process, and none were found. 

The lesion bears little resemblance to that seen in the acute or sub- 
acute forms of endocarditis. The bacteria in case 1 were in smaller 
numbers, and their distribution was totally unlike that observed in either 
of these conditions. Moreover, in correspondence with the observations 
of Poynton and Paine* in rheumatic endocarditis, the organisms 
occurred on the surface as diplococci. No semblance of chain formation 
was discovered in the tissues. Only in culture was the formation of 
chains met with. 

Evolution of the Verruca——From the microscopic observations of 
the early lesions and of a series of verrucae representing various stages 
in the growth of vegetations from these and other cases, it is possible to 
follow the evolution of the vegetations from the preverrucal injury of 
the cell palisade to the finished product. 

Injury to cell palisade manifests itself first in the form of a 
necrobiosis of the end-plates of the cells (fig. 3). This is followed by 
extension of the injury to the cell processes (fig. 4) and to the cells. 
Necrosis gives rise to the production of dense hyaline necrotic masses, 


7. Poynton, F. J., and Paine, A.: The Etiology of Rheumatic Fever, Lancet 
2:861, 1900. 








Fig. 12 (case 2).—Edge of young verruca showing fibroblastic cells; x 585. 
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Fig. 13 (case 2).—Early stage in verruca formation; incomplete hyaline necrotic 
cap; xX 270. 





Fig. 14 (case 2)—Edge of cross-section of tricuspid valve showing four 
verrucae in various stages of evolution from the early budding process on the right 
to the relatively massive process in the center; x 50. Note the hyaline necrotic 
caps. 


Fig. 15 (case 4).—Verrucae on tricuspid valve in a woman, aged 26, whose 
mitral valve showed more advanced vegetations. Death occurred from peritonitis 
six days after induced abortion. There was no suspicion of cardiac disease. The 
vegetations ranged from pinpoint-sized growths to large ulcer-like plaques. 








Fig. 16 (case 4).—Three vegetations in series in a cross-section of the valve 
shown in figure 15. Two almost healed verrucae and a small ulcer-like plaque 
are shown; X 112. 





Fig. 17 (case 6).—Mitral valve showing fused repairing vegetations — late. 
Compare figure 21. 





Fig. 18 (case 5).—Verruca showing probable fusion of two original verrucae, 
in one of which almost complete organization of the hyaline necrotic cap has 
taken place; x 118. 


Fig. 19 (case 2).—Old fibrous verruca showing extensive vascularization; « 85. 











Fig. 20 (case 2).—Almost completely healed, slightly edematous (pearly) 
vegetation in center; early budding verruca to the left with dense hyaline cap; 
remains of palisade to the right; « 110. 








Fig. 21 (case 8)—Healed ridge of fused verrucae, which has not yet been 
drawn back into alinement with the body of the valve. Compare figure 17. 
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in part from cells, in part from fibrin. These masses apparently stimu- 
late the underlying fibroblastic tissue to grow. The process is sharply 
focal, limited to the cells underlying the necrotic material. 

The beginning of the actual formation of the verruca is marked by 
the burgeoning up above the surface of fibroblastic cells that project at 
right angles to the surface (fig. 12) beneath the hyaline necrotic masses. 


“ 


Fig. 22 (case 9).—Old fibrous verruca showing remains of palisade due to more 
recent infection, on left edge; x 200. 


As the verruca enlarges histiocytes appear among the fibroblastic cells 
(fig. 13). The fibroblastic cells apparently endeavor to organize the 
hyaline necrotic cap, but destruction of the cap is delayed, or else accre- 
tions of fibrin to the surface of the cap occur. Only in the later stages, 
when the verruca is large, can evidence usually be found of the breaking 
up of the necrotic mass by the organizing cells. 
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Since the process is sharply focal, a verruca arises wherever adequate 
focal damage to the palisade has occurred. As a result crops of verrucae 


appear and may be found in series in a cross-section of the edge 
(fig. 14). Where the injury is more diffuse (case 4) ulcer-like plaques 
may occur with the characteristic growth of fibroblastic cells that project 
at right angles to the surface (figs. 15 and 16). As the verrucae 
enlarge and healing progresses, they tend to fuse and may form a con- 
tinuous ridge along the contact edge (fig. 17, case 5, and fig. 18, case 6). 
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Fig. 23 (case 10).—Mitral valve showing diffuse scarring of auricular surface in 
addition to old verruca. Compare the texture of the scarred auricular surface 
with the relatively normal ventricular surface; x 60. 


Old verrucae may show extensive vascularization of their centers 
(fig. 19) or become converted into dense, relatively acellular masses of 
collagen. Healing is completed by the growth of endothelium over the 
surface. If this is realized early, there may occur edema of the fibro- 
blastic mass, and the verruca takes on a pearly luster (fig. 20). 

When healing of fused vegetations, forming a continuous ridge 
along the contact edge, is completed, the ridge may persist for some 
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time before the contraction of the connective tissue draws it back into 
alinement with the surface of the valve (fig. 21, case 7). 

That the typical verrucose endocarditis is dependent on repeated 
infection is evident from the fact that vegetations showing many stages 
of development may be found in the same valve (figs. 14 and 20). 
Furthermore, old verrucae may be found with remnants of a more 
recent palisade on portions of their surface (fig. 22, case 8). 

In addition to frank verrucae formation the cell palisade may 
give rise directly to the diffuse formation of scar tissue (fig. 9). Heal- 
ing of this lesion may occasion wide scarring of the valve independent 
of the verrucae (fig. 23, case 9). 

When reinfection occurs in old dense scarred valves the formation 
of the cell palisade and the evolution of verrucae are apparently 
brought about with difficulty. As a result, the verrucal processes are 
discontinuous. The contact edge of the anterior flap, however, is the 
commonest and almost a constant location of verruca formation in these 
valves, under reinfection, with scattered lesions on the posterior flap. 

It is manifest from what has been said that the formation of the 
cell palisade and the production of verrucae result from injury to 
the surface of the valve and not from injury arising within the valve. 
The palisade formation is a diffuse local reaction, and its produc- 
tion is a response to diffuse injury of the surface such as would result 
from the distribution of bacteria along the contact edge as illustrated in 
case 1. The verruca formation is a focal response to injury at 
the point where the vegetation arises. Its intimate relation to the hya- 
line necrotic masses that are formed from locally damaged palisade 
cells and fibrin is apparent. Swift* indicated that the Aschoff 
nodule is a reaction to necrotic collagen, and there is reason to believe 
that the verruca has a similar provenance. 


SUMMARY 

In this paper are reported early lesions of rheumatic endocarditis. 
The characteristic lesion consists in the formation of a defensive 
palisade of cells on the contact edges of the valves. Three phases of 
this reaction are iilustrated: one before verruca formation with 
bacteria on the surface of the palisade; one showing verrucae without 
demonstrable organisms ; one with mucoid (?) degeneration of the pali- 
sade in an old, scarred valve, without organisms, and showing pseudo- 
verruca formation due to bland thrombosis. 

The evolution of the verrucae from local regions of damage of the 


defensive palisade is described. 


8. Swift, H. F.: Rheumatic Fever, Hektoen Lecture, J. A. M. A. 92:2071, 
1929, 





THE FUNCTIONS OF THE GLIA IN SECONDARY 
DEGENERATION OF THE SPINAL CORD 


THE OLIGODENDROGLIA AS PHAGOCYTES * 


FRITZ CRAMER, M.D. 
NEW YORK 
AND 
BERNAFPD J. ALPERS, M.D. 
Traveling Fellow of the Frances Clark Fund for Neurosurgery 
PHILADELPHIA 


Modern trends in the investigation of glial reactions to neuro- 
pathologic processes are, in the main, toward the discovery of the function 
of the oligodendroglia. This aim, heretofore rather destitute of attain- 
ment, was a great factor in the determination of the present study of glial 
reactions in secondary degeneration of the spinal cord by the modern 
methods of the Spanish school. 

The important phases of secondary degeneration of the spinal cord, 
i. e., the microchemical aspects, and the fact that the entire phagocytosis 
is carried out by the glial elements, were divulged by Jakob,’ who earlier 
studied the same problem with which we have been engaged, using the 
more specific methods of glial impregnation. Likewise, the more 
characteristic phases of glial function, as related to the astrocytes and the 
microglia, have been presented in innumerable, now standard works by 
Cajal and del Rio Hortega and their school, as well as by many other 
authors using their methods. 

More recently, del Rio Hortega? has given an encompassing insight 
into the structural relationships and some of the pathologic changes 
relating to the oligodendroglia. But aside from his anatomic studies 
and the researches of Penfield * and-others in the purely pathologic field, 


* Submitted for publication, Jan. 8, 1931. 

* The expenses of this research were defrayed in part by the Charles Harrison 
Frazier and Frances Clark funds for neurological surgery. 

*From the Anatomical Laboratory, Staatskrankenanstalt, Hamburg-Fried- 
richsberg, Germany (Prof. A. Jakob, director) and the Neurosurgical Laboratory 
of Dr. Charles H. Frazier, University Hospital, Philadelphia. 

1. Jakob, A., in Nissl and Alzheimer: Histologische und histopathologische 
Arbeiten, Jena, Gustav Fischer, 1914, vol. 5, nos. 1 and 2. 

2. del Rio Hortega, P.: Mem. r. Soc. espafi. de hist. nat. 14:1, 1928; Rev. 
neurol. 1:956, 1930. 

3. Penfield, Wilder, in Cowdry, E. V.: Special Cytology, New York, Paul 
Hoeber, 1928, vol. 2, p. 1032; Brain 47:430, 1924. Penfield, Wilder; and Cone, 
William: J. f. Psychol. u. Neurol. 34:204, 1926. 
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few investigators have touched on the extremely interesting functional 
activity of these ubiquitous small glial cells, which are so multitudinous, 
and the relationships of which to the nervous tissue itself are so intimate, 
throughout the central nervous system. 

One of the great deterrent factors in making a proper study of the 
oligodendroglia particularly lies in their tremendous susceptibility to 
the influence of pathologic processes, becoming quickly abnormal, and, in 
the minds of some investigators, disappearing, in the face of some patho- 
logic disturbances of the central nervous system. Our choice, therefore, of 
secondary degeneration of the fibers of the spinal cord as a means of 
studying the functions of these and the other glial elements was further- 
more guided by the fact that in this progressive pathologic process we had 
a means of halting the progress of the pathologic changes at definitely 
controllable stages for the purpose of histologic examination, and by the 
fact that we could avoid the postmortem complications that affect 
particularly the oligodendroglia in nonexperimental disease processes. 


REVIEW OF THE LITERATURE ON THE ROLE OF THE 
OLIGODENDROGLIA AS PHAGOCYTES 


Present ideas regarding the normal function of the oligodendroglia 
cells are pretty well established. In 1921, del Rio Hortega* separated 


from the third element of Cajal a type of cells which he stained by a 
specific silver method and which he called oligodendroglia. These cells, 
as he showed, have few and small branches as compared with astroglia. 
He pointed out, moreover, that they contain a centrosome and a Golgi 
apparatus, possess gliosomes, and have no glia fibrils. Their processes 
terminate freely and without a sucker foot iormation as seen in the 
astrocytes. They are of three main types: the interfascicular oligo- 
dendroglia, found in close contact with and among the nerve fibers; the 
perineuronal satellites, found around the ganglion cells of the cortex, 
and the vascular satellites. He recognized that these cells had much to 
do with the deposit of myelin in the nerve sheaths, for, as Penfield 
pointed out, they first appear in large numbers at the time of myelination ; 
they are never seen before myelination begins, and at this period the 
protoplasmic granules are unusually large and numerous. In addition to 
this function, Hortega recently suggested that the oligodendroglia play 
a passive function of protection and isolation, separating the nerve fibers. 

Hortega’s work was confirmed by Penfield,* who, in addition, pointed 
out clearly the transitional tendencies between oligodendroglia and astro- 
cytes, producing cells that have the characteristics of both. 

In 1928, Hortega? published a comprehensive monograph in which 
he made a careful study of the morphologic characteristics of these cells. 


4. del Rio Hortega, P.: Bol. r. Soc. espafi. de hist. nat. 21:63, 1921. 
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These are now well known: the small, round, chromatin-rich nuclei, the 
concentration of the cytoplasm often at one pole, the fine processes 
branching dichotomously, with gliosomes at these branchings, and the 
close association of the processes with the myelin sheath. The last 
point was clearly demonstrated by Hortega, who showed that the 
processes follow along the myeline sheath and coil themselves around it. 
He believed that the oligodendroglia are of ectodermal origin, and that 
they take no part in the formation of the astrocytes of the nervous 
system. He recently divided the oligodendroglia into four classes: (1) 
the oligodendroglia of Robertson, from 15 to 20 microns in diameter, 
found chiefly around the nerve cells, but also among the fibers; (2) the 
oligodendroglia of Cajal, from 20 to 40 microns in diameter, not found 
in the gray matter, but abundant in the white substance; (3) the oligo- 
dendroglia of Paladino, which are large and are found at the base of the 
brain chiefly, where the largest nerve fibers are seen, and (4) certain 
oligodendroglia that are even larger than Paladino’s, and that are also 
found in the cerebral peduncles, pons and medulla. 

Hortega * (1922 and 1928) suggested that the oligodendroglia are 
similar in function to the cells of the sheath of Schwann. 

The oligodendroglia were found in the optic tracts by Lopez.*® 

It is the function of the oligodendroglia in pathologic conditions that 
is still a matter of great controversy. One of the most debated problems 
is whether the oligodendroglia can assume the role of phagocytes under 
certain disease conditions. There are two schools: the one supported by 
Hortega,? Penfield,* Creutzfeldt and Metz,’ Alberca*® and de Asta ®” 
maintains that the oligodendroglia cannot assume the role of phagocytes ; 
the other, composed of Jakob,’ Schaffer,*® Ferraro and Davidoff,*' von 
Meduna * and Pruijs,'* holds that the oligodendroglia can play the role 
of so-called “gitter” cells, or “fettkoernchen” cells, i. e., phagocytes of 
the nervous tissue and of the fatty products of its degeneration. Jakob, 
indeed, described a similar activity on the part of the astrocytes; more 
recently, Winkler-Junius, quoted by del Rio Hortega, took the same 


stand. 


5. del Rio Hortega, P.: Bol. Soc. espafi. de biol., 1922, vol. 10, pt. 1. 
6. Lopez, E. M.: Bol. r. Soc. espafi. de hist. nat., 1926, vol. 26, no. 5. 


7. Creutzfeldt, H. G., and Metz, A.: Zentralbl. f. d. ges. Neurol. u. Psychiat. 
38:416, 1924; Ztschr. f. d. ges. Neurol. u. Psychiat. 106:18, 1926. 


8. Alberca, R.: Bol. Soc. espafi. de biol. 11:81, 1926. 

9. de Astia, Jimenez: Ztschr. f. d. ges. Neurol. u. Psychiat. 109:354, 1927. 
10. Schaffer, K.: Ztschr. f. Anat. u. Entwcklngs. 81:715, 1926. 

11. Ferraro, A., and Davidoff, L. M.: Arch. Path. 6:1020, 1928. 

12. von Meduna, L.: Arch. f. Psychiat. 82:123, 1927. 

13. Pruijs, W. M.: Ztschr. f. d. ges. Neurol. u. Psychiat. 108:298, 1927. 
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Hortega believed that the oligodendroglia serve as a means of 
sustenance around the medullary tubes, and that their protoplasm 
elaborates a specific product which influences the trophic function of the 
nerve fibers and the elaboration of myelin. Injury to the axon and its 
surrounding sheath can result only in the death of these symbiotic cells. 
They are powerless to assume a phagocytic function. This function is 
possible only on the part of the microglia. His point of view has been 
supported by Penfield,* who denies phagocytic power to the oligo- 
dendroglia. Creutzfeldt and Metz* were unable to establish the 
formation of phagocytic cells from the oligodendroglia, and Struwe ** 
found that while all neuroglia can harbor lipoids, only the microgiia can 
form phagocytes. 

Recently, Ferraro and Davidoff '' were able to trace the formation 
of phagocytes from oligodendroglia in injuries to the brain. The 
determinant of this process consists in the severity of the lesion. Milder 
injuries result only in acute swelling of the oligodendrogliocyte. It is 
only when the myelin sheaths have been destroyed that the oligodendro- 
glia assume a fat-digesting function and become compound granular 
corpuscles. Ferraro and Davidoff were able to follow these develop- 
ments by proper impregnations. Less extensive works indicating a 
similar function on the part of the oligodendroglia have been carried out 
by Schaffer,*° who based his conclusions on the activity of the oligo- 
dendroglia in pathologic conditions. Von Meduna ™ took a similar stand 
and even went so far as to state that the oligodendroglia have the 
ability to phagocytose degenerated microglia. Globus,’® on the other 
hand, was unable to find evidence of phagocytic properties on the part 
9f the oligodendroglia, at least in chronic vascular disease. This role 
was played entirely by microglia. More recently, Roussy, Lhermitte 
and Oberling ?° concluded, on the basis of studies of cerebral softening, 
that the phagocytes of the brain are derived chiefly from the microglia, 
but that the oligodendroglia and the astrocytes also form phagocytes, 
though to a much less extent than the microglia. Similar conclusions 
have been reached by Roussy, Oberling and Raileanu.** 

Jakob in his work on secondary degeneration did not refer to the 
various glial types by their present names, but by reference to the cells 
that are now called astrocytes, microglia and oligodendroglia, respec- 
tively, as the “protoplasma richest,” “protoplasma poorer” and “proto- 
plasma poorest,” he made his findings rather clearly translatable into 
the modern terminology. In Jakob’s comprehensive study of the afore- 


14. Struwe, F.: Ztschr. f. d. ges. Neurol. u. Psychiat. 100:450, 1926. 

15. Globus, J.: Arch. Neurol. & Psychiat. 20:14, 1928. 

16. Roussy, G.; Lhermitte, J., and Oberling, C.: Rev. neurol. 1:878, 1930. 

17. Roussy, Oberling and Raileanu, quoted by Roussy, Lhermitte and Oberling 
(footnote 16). 
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mentioned process in the spinal cord, made with the older, purely proto- 
plasmic stains, he alsc used the term “myeloclast” to designate those 
cell groupings the duty of which it is to break down the axomyeline 
structure that has lost its functional capacity as the result of the 
severance of its continuity. To the secondary scavenger of this pre- 
liminarily worked-over nerve detritus he applied the term “myelophage.” 
To the cells thus active in the third stage of the digestion and removal 
of this material he applied the term “ ‘fettkoernchen’ cells alpha.” To 
the “protoplasma richest” cells that, in the later stages of the degener- 
ation, absorb the fatty end-products of the foregoing phagocytic 
activities of the smaller cells he applied the term of “ ‘fettkoernchen’ 
cells beta.”” To these fat-filled cells in the still later stage of this same 
process in which they deliver their burden to the vascular system he gave 
the name of “‘Fettkoernchen’ cells gamma.” It is this special termi- 
nology that we shall use in modified form in describing the cells and cell 
complexes that we have been able to differentiate more clearly, and to 
name with the modern terms, by means of the specific metallic impregna- 


tion methods. 
METHOD 


Rabbits were used in our investigation because of the relative ease of 
impregnation of the nervous system of these animals, and because Jakob’s original 
work on secondary degeneration of the spinal cord was carried out on these 
animals. Hemisections of the cord were performed under aseptic conditions. 
The animals were killed so that the glial reactions could be studied in daily stages 
from the third to the eighth day inclusively, and on the tenth, twelfth, twenty- 
fourth, thirty-fifth, fifty-second and seventy-eighth days after hemisection. Our 
histologic studies were carried out entirely by the metallic impregnation methods 
of the Spanish school, with the Jakob-Mallory method as a control. 

In order to obtain the best possible impregnations of the oligodendroglia, we 
used not only the original method of Hortega, but also that of Penfield and of 
Kanzler. Fixation in a formaldehyde bromide chloral hydrate solution 174 devised by 
one of us (Dr. Cramer) gave good results when other methods of fixation failed. 
Fat stains were made at most stages of the process, usually after the silver or 
gold impregnations. Cajal’s gold chloride mercuric chloride method was used at 
all stages of the investigation. The method of hemisection was chosen in order 
that we might have a comparison of normal and abnormal reactions in each half 
of the cord. For the silver methods, this was particularly useful, since the normal 
half of the cord always gave us suitable control material for the determination 
of the success of our impregnations. Without it, we should often have worked 
in the dark. 

In our description of the processes, we shall use the terminology of Jakob 
referred to, and in view of the comprehensiveness of that author’s work, we shall 
neglect for the most part to refer to the purely chemical aspects of the study, 
except as they deal directly with the activities of the glia. 


17a. The formula for the formaldehyde bromide chloral hydrate solution is as 
follows: ammonium bromide, 32 Gm.; solution of formaldehyde, 225 cc.; chloral 


hydrate, 20 Gm., and water to make 1,100 cc. 
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EARLY STAGES: THIRD TO FIFTH DAY—FORMATION OF 
MYELOCLASTS 

The first pathologic changes to be seen in the areas destined to 
degenerate are exhibited by the axis cylinders, which frequently 
impregnate with silver carbonate and gold sublimate; these changes 
are: swelling, distortion and coil formation. Usually, before the 
cylinders break up, they display an increasingly heavy-staining granular 
appearance. Accompanying this, as the first cellular reaction to be seen, 
are the changes that occur in the oligodendroglia, which will be dis- 
cussed under the headings Destructive Phase and Proliferative Phase. 

Oligodendroglia.—Destructive Phase: The primary swelling of the 
entire body of the oligodendrogliocyte is an astoundingly acute and great 
reaction, in the face of an otherwise quiescent-appearing field. As 
typically illustrated in figures 1 to 4 inclusive, taken from gold sublimate 
and silver carbonate preparations, this early reaction causes the oligo- 
dendrogliocytes to become as large as the astrocytes, so far as the cell 
bodies are concerned. Accompanying this swelling of the body is also 
a swelling of the nucleus, which shows a tendency to become eccentrically 
placed. Usually the nucleus becomes darkly impregnated, but may, 
less often, be more lightly impregnated with silver carbonate than the 
normal. Whereas the oligodendroglia may be seen in the gold 
sublimate preparations, lying in rows between the fully impregnated 
macroglia, they may be carefully studied only in the silver carbonate 
stain, because only there do their processes also become impregnated. 
These prolongations from the cell body can usually be followed only 
a short way, but sometimes they can be traced for tremendous distances. 

In contrast to the rather finely and evenly granular appearance of 
the swollen cell body, the nucleus is distinguished by heavily staining 
granules, which are more numerous about the edges, but which tend 
to give rather characteristic markings to the more lightly impregnated 
center portion, by extending centripetally in wavy, tonguelike forms. 
The fine prolongations are, as a rule, difficult to trace for any great 
distance from the body in the ordinary silver carbonate preparation. 
But occasionally these prolongations become hyperargentophilic, 
especially on the occasions when an oligodendrogliocyte is lying closely 
approximated to an axis cylinder that is in the first stages of swelling. 
One such example is illustrated, though only in part of its massiveness, 
in figure 4 A. 

The first myeloclasts are formed from the type of oligodendroglia 
just described, i. e., from those lying almost in direct union with the 
cylinder. In figures 3 and 4, representing the fifth day of degeneration, 
the subsequent changes can readily be seen. The hyperargentophilia 
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Fig. 1.—Secondary degeneration of the rabbit spinal cord at three days: In 
section 1 are two axis cylinders (Ax) in the process of degeneration in asso- 
ciation with three oligodendroglia (O) in the process of acute swelling (gold 
sublimate method). In sections 2 and 3 are swollen oligodendroglia (O) and a 
swollen microglia cell (4). The astrocytes (4) are normal (silver carbonate 
method of del Rio Hortega) ; camera lucida drawing; « 1,300. 
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Fig. 2.—Section 1 is normal rabbit cord showing the orderly arrangement of 
oligodendroglia and astrocytes in the gold sublimate preparaticn. Section 2 
represents the third day of secondary degeneration, showing large astrocytes and 
acutely swollen oligodendroglia still arranged in rows (gold sublimate method) ; 
section 3, the fifth day of degeneration, showing several hypertrophied astrocytes 
and two early myeloclasts (MCL), i. e., swollen, disintegrating axis cylinders with 
which acutely swollen oligodendroglia have amalgamated; silver carbonate 
method of del Rio Hortega. 
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of the processes is associated with a similar reaction on the part of the 
cytoplasm. The latter, however, in its acute swelling, tends to become 
quickly dispersed, and within its widened area are no longer seen the 
scattered dark granules, but a spokelike arrangement of granular matter, 
heavily impregnated with silver, and ending in the periphery (now 
already indistinguishable from the material of the axis cylinder itself ) 
in a weblike manner. These intracellular “spokes,” as we choose to 
describe them, or “girders,” as they have been described by others, are 
to be definitely distinguished from the extracellular prolongations. The 
latter, arising from the cell bodies, are to be seen only in the normal, and 





Fig. 3——Secondary degeneration at five days: Section 1 shows normal oligo- 


dendroglia (O) and two hypertrophying astrocytes (4). Section 2 shows 


swollen oligodendroglia (O), axis cylinder (Ax) and astrocytes (4). Section 
3 shows disintegrating axis cylinder (4x) and swollen, wheel-like oligodendroglia 
—the beginning myeloclast (CL). In section 4 is the completed primary 
myeloclast (MCL) from the oligodendroglia; silver carbonate method of del Rio 


Hortega; 400. 


in the beginning abnormal, state of the cell; they become quickly lost 
with the acute swelling of the cell. The girders, on the other hand, 
extend from the nucleus to the limiting cell membrane and are only to 
be seen in swelling of the oligodendroglia. Instead of being ultimately 
dispersed away from the cell and from each other, as is the case with 
the prolongations, they tend to become confluent as they near the cell 
membrane, and this confluence builds the weblike pattern that is seen in 


these swollen cells. 
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The final stages of this phase of the destruction of the oligodendro- 
gliocyte and the building of the primary myeloclast are characterized by 
a karyorrhexis and cytolysis on the part of the cell and an argentophil 
granular degeneration on the part of the swollen neural tube, the two 
elements together forming a large, darkly staining, webbed ball of 
mixed neural and glial detritus. 

These same darkly impregnating nuclei may be seen as a part of the 
beginning myeloclast in Cajal’s gold sublimate preparations, in which 
the axis cylinders and their sheaths are usually impregnated, as well 
as the nuclei and cell bodies of the oligodendroglia, without the processes 


of the latter, however. 


Fig. 4.—Secondary degeneration at five days, showing the various stages of 
formation of the primary myeloclast from the oligodendroglia and degenerating 
axis cylinders. A and B show oligodendroglia with hyperargentophilic processes, 
lying on a swollen axis cylinder. C shows the cell with greatly swollen processes. 
D, E and F illustrate the disintegration of the cell body and processes and their 
disappearance into the axcmyeline structure. G shows the final stage in which the 
nucleus is also beginning to degenerate. 


Proliferative Phase: In these earliest stages, the proliferative phase 
is seen as the reaction of the oligodendrogliocytes that do not lie in 
direct connection with actively degenerating axis cylinders; it consists 
of a more moderate swelling than that described, also of a definite, 
although at this early stage slight, hyperplasia. 


Microglia—The smallness of number and the slowness of reaction 
of the microglia in this relatively active degenerative process has been 
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an astounding observation from the beginning of our studies. The fact 
that the microglia are strikingly few in the white matter of the spinal 
cord has been noted by other authors, and this relative absence of these 
more generally recognized scavengers (even in the presence of active 
pathologie processes ) has been the basis for a proposal that the macroglia 
take over the function of the microglia in such cases. This is a proposal 
with which we must heartily disagree, in the case in hand. As we have 
shown, it is the oligodendroglia that play the initial cellular rdle. 
Despite the modesty of their number and the delay in their activity, the 
microglia are not only demonstrably present, but are also functioning 
as phagocytes. They are distinctly in the minority, as compared with 
their ectodermal neighbors, and therefore less conspicuous; but aside 
from these restrictions, they are individually none the less active. A 
question of theory as to the source of certain groups of microglia in 
unwonted number outside the areas of most active degeneration and 
seeming bent on entering these areas will be discussed later. 

Once the microglia have made their entrance into the myeloclastic 
area, they react typically, but always more slowly than in the neuro- 
pathologic fields more frequently studied than this one. After under- 
going generalized swelling and loss of the finer branches and brushes, 
they assume a locular, spongelike appearance and proceed to take within 
their bodies the particles of neural and glial detritus making up the 
myeloclasts. Their cyto-architecture remains distinct from that of the 
oligodendroglia that have undergone swelling, and the differences 
between the two types of cells, both of which undergo swelling and 
intracellular changes to the point where they may be spoken of as 
“gitter” cells, can be seen distinctly almost to the point of cytolysis. 
Whereas the sensitive and quickly reacting oligodendrogliocytes are 
more or less globular from the beginning and have their typical speke- 
like cytoplasmic structures about the round nucleus, the microglia retain 
their elongated form for a long time. The arrangement of the lacunae 
within the gitterizing microglia is irregular, resembling that of the 
lacunae of a sponge. The oligodendroglia, on the other hand, have the 
nore weblike appearance described. 

Macroglia——In contrast to the oligodendroglia and the microglia, 
the macroglia display, from the beginning of the secondary degeneration, 
an aspect of sturdiness in their reaction. But they, too, react to the 
stimuli that arise from the disintegration of the combined neural and 
glial material of the myeloclast by becoming hypertrophied and hyper- 
plastic. Both cell body and nucleus become enlarged, and the latter is fre- 
quently seen to divide amitotically, so that “twin” and “triplet” forms are 
frequently occurring phenomena in the early stages (figs. 1 [section 1], 
2,3 and 5 [sections 1 and 2]). In these early days of the fall of the 
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neural tubes, there is seldom any sign of clasmatodendrosis on the part 
of the astrocytes, a hardiness that contrasts strikingly with the com- 
parative frailty and quick fall of the other two types of glia. There 
is a minimal motile reaction on the part of the prolongations that sur- 
round the myeloclasts, but for the most part this is a passive mobility 
at first, merely in conformance to the shape and size of the swollen 
oligodendrogliocytes and the axomyeline tubes. 


é 

4 ‘ 

Fig. 5.—Secondary degeneration at five days: Section 1 shows hypertrophied 

astrocytes with some primary myeloclasts. In section 2 are seen twinning astro- 

cytes( A). Sections 3 and 4 show a primary myeloclast (\/CL) and a secondary 
invasion of microglia (/); silver carbonate method of del Rio Hortega. 


CONTINUATION OF EARLY STAGES: FIFTH TO TENTH DAY 


After the formation of the primary myeloclasts described, occurring 
in the first five days of the process and characterized chiefly by a 
degeneration of the axis cylinders, by an acute swelling of the oligo- 
dendroglia attached directly to the neural tubes and finally by the com- 
plete union of the nervous and glial elements, there is a repetition of the 


+ 
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Fig. 6.—Secondary degeneration at five days: 
most active degeneration, microglia are abundant; in section 
most active degeneration, microglia are few, but oligodendroglia are forming 


primary myeloclasts, and astrocytes are abundant; silver carbonate method of 


del Rio Hortega. 
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same process by other oligodendroglia and by microglia. These secon- 
dary scavengers we shall speak of as secondary myeloclasts, and we 
consider their function to be the removal by digestion of the primary 
myeloclastic masses. Although these newly activated cells are the most 
prominent workers in the second five days, they are not the only ones 
that we see; for on the outskirts of the advanced areas of degeneration 
the signs of the reactions of the earlier stages may still be seen. This, 
indeed, is typical throughout the various stages examined; i. e., the 
early and late processes may be seen going on adjacent to each other, 


Fig. 7.--Secondary degeneration at eight days. Formation of secondary 
myeloclasts from oligodendroglia (O) and microglia (M); 1 and 2 are one 
complex; 3 is further advanced and is composed only of oligodendroglia. The 
differences between the two types of gitter-like cells is clearly shown. 


In our descriptions of the various periods, however, we shall give only 
the observations salient to the most advanced reactions. 


Oligodendroglia.—In the period from the fifth to the tenth day, the 
primary myeloclasts have all been formed, in the most representative 
areas, and surrounding them are the cells that are preparing to assume 
the functions of secondary myeloclasts. There is, at this time, a 
noticeable increase in the number of microglia present at times, as 
shown in figure 6, section 1, but the oligodendrogliocytes are still in 
the majority. 

The oligodendroglia that are active as secondary myeloclasts are 
similar to those that were last described as, in the period before the 
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fifth day, lying in rows and groups and undergoing hypertrophic 
changes. Here they react further by the loss of prolongations and the 
formation of spokelike and weblike intracellular structures. Lying 
close together in rows, they tend to coalesce, and expanding as coalesced 
groups, they overtake the degenerated materials of the former axis 
cylinders, myelin sheaths and oligodendroglial and microglial rests of 
the preceding period. Three such groups are illustrated in figure 7, taken 
from a preparation of the spinal cord at the eighth day of degeneration. 
It shows not only the distinctly contrasting form of the micro- 
glial cell that is present, but also the temporality of the oligodendro- 
gliocytes, going quickly to ground while still performing their duties. 
This is demonstrated by karyorrhexis in the case of two of the cells 
in the more advanced group. 

Microglia.—The microglia that are present at the site of the primary 
myeloclast or those that, migrating from the adjacent tissue, enter 
the myeloclastic process secondarily are, in the end, as ill-fated as the 
oligodendroglia; their swollen, degenerating bodies and nuclei remain 
in the myeloclastic process. They are replaced, however, by fresh 
microglia that enter the old process to add more phagocytic bulk to the 
incompletely fermented, degenerating myeloid material. One interesting 
arrangement of these new microglial cells as a whole is that of a ring- 
like disposition about the myeloclast as shown in figure 8. Either one 
or two microglia are frequently seen to encircle these structures, and 
though they do so in company with macroglia, the prolongments of 
which bend about myeloclasts also, as though to wall them off from the 
adjacent intact neural tubes, the microglia are sometimes the only 
encircling structures to be discerned in the silver carbonate stain. When 
the microglia are seen in this encircling form, they are, except for their 
unusual shape and the absence of many of the fine branches, still 
relatively normal in structure. They gradually disappear, however, 
into the mass of the myeloclast and, like the oligodendrogliocytes before 
them, become, in time, degenerated cells. 

Macroglia.—In the tenth and twelfth day stages of the degeneration, 
there is a remarkable change in the architectural aspect of the myelo- 
clastic process. This is brought about chiefly by the astrocytes, which, 
in the fifth day stage, were merely undergoing hypertrophic and pro- 
liferative changes in situ; they now begin to show a greater compactness 
of the cell bodies of certain of their number and to display mobile 
tendencies in their prolongations, which are now arranged in a ring- 
like manner about the myeloclasts. This is illustrated graphically in 
figure 8, which compares two complexes of active glial cells from the 
cord at the eighth and twelfth days of degeneration, respectively. In 
the drawing from the twelfth day stage, the processes of the macroglia 
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can be seen to bend themselves about the myeloclast, as the leaves of a 
sun-sheltered plant bend toward the light. Figure 9 shows the some- 
what more completed process of ring building by the astrocytes, as 
seen photomicrographically. It will be noted that these fibrous pro- 
longments of the astrocytes show a rather marked fibrosity, which again 
emphasizes the essential sturdiness of the macroglia in this process. The 
macroglial radiations participate in this enclosure-building process in 
all directions about the cells, so that by following the radiations, by in- 


Fig. 8—Secondary degeneration at eight days in 1, showing the various 
participating elements. In 2, the degeneration has gone on for twelve days and 
shows a hypertrophied astrocyte (4), a swollen microglia cell (M) and a 
myeloclast (MCL). 


and-out-focusing, into the various planes of the cell’s extent, one may 
see the cell nucleus and its surrounding cytoplasm as the center of a 
system of thin-walled globules. 

Not infrequently, however, one also sees evidences of a more than 
structural participation of the macroglia in these areas of digestion of 
fat, i. e., there are occasional signs of a partial clasmatodendrosis of 
some of the macroglial prolongments. As seen in this stage alone, 
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Fig. 9—Secondary degeneration at twelve days, showing astrocytes 
building rings about myeloclasts (MCL). 
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this may appear the result of pure circumstance, due to an overwhelm- 
ing toxic involvement of individual prolongations, which could not 
withstand the chemical destructive activities within the myeloclasts: 
for it is seen as a phenomenon associated with certain more proto- 
plasmic-appearing than fibrous-appearing astrocytes. These seem to be 
relatively newly formed astrocytes; their bodies and nuclei are more 
rounded than the ordinary poiygonal, strongly fibrous macroglia, and 
though fibrous to a certain extent, they contain finer and fewer fibers 
than the other, older-appearing macroglia. Another and more remarka- 
ble fact about these so-called protoplasmic astrocytes, which heralds 
the remarkable changes to be seen in the much later stages of astrocytic 
function, is that vacuoles occasionally occur in their cytoplasm, as well 
as certain inclusions that, to use a dangerous comparison, resemble the 
nuclei of the oligodendroglia as they are seen in the gold sublimate 
impregnation. 


TWELFTH TO THIRTY-FIFTH DAY-—ACTIVITY OF MYELOPHAGES 


From the twelfth day, i. e., about the second week, until the fifth 
week of the degeneration, there is a remarkable sameness about the 
appearance of the degenerating areas. One of the factors that enters 
into the causation of this appearance is the comparative retardation of 
activity on the part of the small scavenging cells, so that the myelo- 
phagic work proceeds at a relatively slow pace. But the principal 
factor in this similarity of appearance lies in the striking presence, in 
both gold sublimate and silver carbonate preparations, of a host of 
small round cells with rounded, deeply impregnating nuclei. They are 
present in such numbers that there is no question but that they repre- 
sent an absolute increase in the glial population of the affected areas. 
The fact that these cells are most prominent in the silver carbonate 
preparations, which were meant to show the oligodendroglia more 
specifically, and in the gold sublimate preparations, in which the oligo- 
dendroglial nuclei are well impregnated, but in which the microglial 
element is probably poorly represented, does not, alone, suffice to prove 
that these hyperplastic cells are mainly oligodendroglia. This fact is, 
however, good presumptive evidence, and it is confirmed by a careful 
study of the architectonic qualities of these cells. 

At about the twelfth day, the primary and secondary myeloclasts 
have resolved themselves into masses of detritus lying within the previ- 
ously described macroglial rings. Within these enclosures there is now 
little of a decipherable cellular nature to be seen except for an occasional, 
somewhat belated, but active, cellular lytic process on the part of 
microglia, which have obviously come from a location more or less 
distant from the active degenerative site, for they are still to be seen 
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in such a well preserved form as demonstrated in figure 6, section 1. 
These microglia are to be considered as the last elements in the myelo- 
clastic process, destined to become degenerated as a result of their 
phagocytic activity and then to lie with the other nuclear, cellular and 
axomyeline rests, along with the other degenerated phagocytes, ecto- 
dermal and mesodermal, the activities of which were described under 
the heading Myeloclasts. 

On the outskirts of the myeloclasts are seen the oligodendroglia and 
microglia that are mobilizing there to appear within the degenerating 
process in successive waves, first as so-called myelophages, and later as 
fettkoernchen cells alpha, supplementing the work of their preceding 
prototypes, the work of which was more purely clastic. 

These myelophages are, again, mostly oligodendroglia, but the 
microglia have also become relatively more numerous than in the normal 
cord and the earlier myeloclastic process. 

There is little difference between the appearance or the mode of 
reaction of these small cells and that which was described for their 
predecessors in the earlier stages. The appearances of these myelo- 
phages of both oligodendroglial and microglial origin are shown in the 
drawings in figure 7, representing the eighth day stage, and figure 10, 
representing the twelfth day stage, as well as in the photomicrograph 
in figure 11, section 1, which was taken of the twelfth day stage and 
in the photomicrographs in figure 12, taken of the twenty-fourth day 
stage of degeneration. The same absolutely typical changes described 
for the secondary myeloclasts recur in these cells, with the following 
exceptions: that, as evidence of absorptive activity, the greatly swollen 
oligodendroglia, whether occurring singly or in coalesced groups, now 
contain vacuolated areas within their cell bodies, and that the relatively 
quick karyorrhexis and cytolysis that overtook the early oligodendro- 
gliocytes, which were active in a clastic capacity, are now no longer seen, 
asa rule. This is interpreted, not as an inherent difference in the cells, 
but as evidence that the products of myeloid degeneration which their 
predecessors attacked and helped to digest, or ferment, are now not so 
toxic to the cells themselves. 

Whereas the cells described in the earlier stages as engaging in the 
phagocytic process have lost their identity from the point of view of 
the phagocytes themselves, by breaking up with the degenerating mass, 
this observation now becomes less frequent. It is true that the myelo- 
phages, i. e., those oligodendroglia and microglia that enter the degen- 
erating zone from about the second to the fifth week, also degenerate in 
great part. But this cytolysis proceeds at so slow a rate that it is no 
longer striking, as was the case with the myeloclasts, of both the primary 
and the second orders. 
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FIFTH TO EIGHTH WEEK—FETTKOERNCHEN CELLS ALPHA 
Beginning with the fifth week there are evidences of the formation 

of fat within some of the myelophages—an evidence that the axomyelin 
and destroyed glial elements have finally reached the stage in their degen- 


Fig. 10.—Secondary degeneration at twelve days: Section 1 shows oligo- 
dendroglia forming myelophages, singly (A-E) and in groups (F-/). Section 
2 shows microglia (./) forming gitter cells. 


eration in which the products of change are no longer dangerous to the 
existence of the cells the function of which it is to transport them away 
from the site of the origin and to deliver them finally to the vascular 
system. All three glial types will be shown to be engaged in this trans 
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Fig. 11—Secondary degeneration at ten days, showing hypertrophic microglia 
(M) attacking oligodendroglial myeloclasts (MCL); silver carbonate method of 
del Rio Hortega. 








Fig. 12.—Secondary degeneration at twenty-four days: Section 1 shows 
microglia (M/) about oligodendroglial myeloclasts (MCL); silver carbonate. 
Section 2 shows astrocytes (4) around myeloclasts (MCL) and section 3, oligo 
dendroglial myelophages (MPH); gold sublimate method. 
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portation, and the two ectodermal elements will be shown to be remark- 


ably active. 

Meanwhile the myelophages continue with the penultimate phase of 
fat digestion, preparing for the final stage of digestion on the part of 
the fettkoernchen cells alpha. Some of the myelophages also are 
destroyed in this process; others doubtless remain intact and become 
fettkoernchen cells alpha also. 

The fettkoernchen cells alpha, or gitter cells, are the active cells of 
the seventh and eighth weeks, i. e., of our fifty-second day stage. As 


Fig. 13—Secondary degeneration at fifty-two days, showing presence of fine 
fat in the fettkoernchen cells alpha (KZa) and the beginning absorption of true fat 
from them by the astrocyte (A, section 3) or fettkoernchen cell beta. Section 1 
represents the silver carbonate and Fett Ponceau stain; section 2, the same stain, 
showing the fat seen by polarized light. Section 3 shows a gold sublimate stain 
and Fett Ponceau, and section 4, a similar stain under polarized light. 


intimated, they, too, are composed of oligodendroglia and microglia, as 
shown in figure 13. These cells, the forerunners of which were seen 
as the group of small cells in the thirty-fifth day stage which were 
once-removed in space and function from the myelophages, showed little 
tendency at that time toward activity. But meanwhile they have 
assumed the round, swollen, spokelike form and lie in coalesced groups. 
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Again, from the cyto-architectonic point of view, the differences between 
the numerous forms the ontogenetic forbears of which were oligonden- 
drogliocytes and the type that derived from the microglia can still be 
demonstrated. The former are globular and have a more or less cen- 
trally placed nucleus and a webbed, loculated cytoplasmic structure, 
which is seen to be filled with fat, when stained for this purpose. The 
type of fettkoernchen cells deriving from the microglia has occasionally 
the elongated form of these cells, or more frequently assumes a signet- 
ring form, with the nucleus lying eccentrically. These cells, too, can be 
demonstrated as filled with fat. Both types of cells have the common 
quality of a stable appearance. They have no longer the aspects of 
phagocytes, in the sense that the latter are a quickly reacting, in part 
degenerating and essentially mobile type of cell. Rather, they have the 
appearance of gland cells, and the ectodermal group in particular, i. e., 
the oligodendrogliocytes, may be compared with digestive gland cells, 
both physically and functionally. First, they lie in clustered groups 
between the fibers of the macroglia supporting structures, as in figure 14 
—they themselves being now without their previous obvious fibrous 
connections with the glial and nervous structure. Secondly, even before 
they have become filled with fat, they have swollen as though elaborating 
a ferment for the expedition of the partially digested fatty stuffs that 
they absorb from their predecessors. Thirdly, it is within their bodies 
that the fat finally becomes neutralized, polarizable and capable of being 
transferred to the macroglia, A as illustrated in figure 15. Lastly, the 
cells that*»have been thus active do not seem to have been destroyed, 
for though their cell bodies are abnormally distended and their cyto- 
plasni dispersed, so that they are with difficulty discerned in their entirety 
as cells, their nuclei have remained singularly intact. This allows for 
an interesting speculation, with the logical end that Penfield’s pre- 
sumption that the oligodendroglia are capable of regeneration after 
having undergone acute swelling is here made more obvious, perhaps, 
than in Penfield’s own work with brain material. 

Transportation is not the best descriptive term to be appiied to the 
movement of the fat from the fettkoernchen cells alpha, i. e., the 
oligodendroglia and microglia, into the fettkoernchen cells beta, i. ¢., 
the macroglia; for that would imply a movement on the part of the 
vehicles themselves—the fettkoernchen cells. These cells, however, are 
only capable of passive mobility, and the movement of the fat is there- 
fore to be thought of more as a flux—as a filtering phenomenon. The 
mobility of the small cells is accomplished by the gentle prehensile 
movements of the astrocytic prolongations, rather than as an auto- 
mobility of the smaller, fat-laden cells. This is illustrated in figure 16. 
This introduces the macroglia as active elements in the final transpor- 
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Fig. 14—Secondary degeneration at fifty-two days, showing fettkoernchen cells 
alpha (KZa) derived from oligodendroglia KZa (O) and microglia KZa (M), 
respectively ; silver-carbonate method of del Rio Hortega. 
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tation of the fat from the tissues into the blood vessels of the spinal 
cord—their role as the so-called fettkoernchen cells beta. 

Macroglia in Late Stages.—In this study, we have carried the investi- 
gation of the glial reactions to the secondary degeneration of the spinal 
cord fibers up to the seventy-eighth postoperative day, and have watched 
the transformation of the products of the degeneration of axis cylinders 
and myelin sheaths being changed, by the intercession of the oligoden- 
droglia and the microglia, through the prelipoid stages into the final 
form of true fat, in which quality the degeneration products are lodged 


in the macroglia. 


Fig. 15.—Secondary degeneration at fifty-two days, showing astrocytes (A) 
surrounding fettkoernchen cells alpha (KZa); gold sublimate method. 


In résumé, the activities of the macroglia up to this time have been 
as follows: In the early stages, up to the fifth day, the macroglia react 
by hypertrophy and hyperplasia. Many examples of twin-nucleated or 
multinucleated macroglia can be observed. There is little evidence of 
clasmatodendrosis. At about the tenth day, the macroglia can be seen 
building strong fibrous rings about the degenerating axomyelin struc- 
ture, in which the oligodendroglia, at first, and the microglia, secondarily, 
play an active phagocytic rdle, leading to their destruction within these 
first disintegrating masses of nerve tissue. In somewhat later stages. 
there is an intimation of a tendency on the part of the macroglia to 
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augment their number by forming new, protoplasmic-appearing cells and 
to show vacuolated areas within certain of the individual astrocytes. 
In the stage of the fifty-second day, the astrocytes are seen to surround 
the fettkoernchen cells alpha, which contain practically all of the true 
fat that has been formed up to this time. Their prolongments are 
seen to surround and to permeate the areas containing these small, fat- 
filled cells, and along the fine, flufflike prolongments of the astrocytes 


Fig. 16.—Secondary degeneration at fifty-two days, showing formation of fett- 
koernchen cells beta (KZf) by the absorption of astrocytes (A) of the fett- 
koernchen cells alpha (KZa [O]) and (KZa [M}), which have been derived from 
oligodendroglia and microglia. 


the fat can be seen in tiny, elongated, crystalloid forms entering into 
these extensions of the astrocytic body. In the larger portions of these 
prolongations of the macroglia, one can see, extremely frequently, the 
nuclei of the fettkoernchen cells being engulfed by the macroglia and 
contained within vacuoles of the latter. 

setween the fifty-second and the seventy-eighth day, the migration 
of the fat from the small fettkoernchen cells into the macroglia is prac- 
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tically completed. Whereas in the previous stage there were only 
occasional macroglia that showed globules of fat within the cytoplasm, 
the latest stage shows that nearly all of the fat has been thus transferred, 
and it is now only occasionally that the smaller cells contain much of the 
fat. An added phenomenon of interest is that many of the small 
fettkoernchen cells, with their load of fat, have been completely encom- 
passed within the larger macroglia. Because these cells, thus engulfed, 
with their nuclei surrounded by scarlet-staining fat that is double- 
polarizing, still retain, in their intramacroglial berths, the essential 
appearance that they had while only surrounded by the macroglia, it 
is believed that they continue to exert their fermentative functions in 
this new location. That is to say, the macroglia, as we have observed 
them in their fat-absorbing capacity, seem incapable of prehending 
prelipoids; for the most part, they prehend only the already pre- 
pared fat. But when they absorb incompletely digested fatty material, 
it is frequently still accompanied by the glandlike small cells that have 
been the only active phagocytes until this time. We were unable to 
carry the investigation to such a stage as would show the ultimate 
disposal of these absorbed cells. Figure 17 shows macroglia filled with 
fat; section 1 of the same figure shows similar fat-filled astrocytes 
attached to a blood vessel. 

As a final intimation as to the manner of the disposal of the fat 
thus absorbed by the macroglia are the preparations that show the 
astrocytes attached, with their fat-filled protoplasmic prolongations, to 
the blood vessels. Our investigations do not allow us to describe the 
further changes in the intramacroglial fat leading to its ultimate dis- 
charge into the lymph and blood vascular system, as Jakob described this 
disposition in his work, which covers a much longer period of time. 
Furthermore, we are unable to state the exact nature of the fett- 
koernchen cells beta. We have used this term because it was used by 
Jakob in his original work on secondary degeneration. Whether these 
cells actually act as gitter cells cannot be stated definitely here because 
our investigations were not carried far enough to determine this defi- 
nitely. We know that these cells encircle and engulf polarizable fat 
from the fettkoernchen cells alpha, and that they show such fat within 
their cell bodies. What the exact significance of this activity is, we 
prefer to leave an open question for the moment. 

Another problem as yet unsolved in the scope of our experiments is 
the function of certain new, protoplasmic astrocytes that are seen 
abundantly in this stage. These are large, polygonal astrocytic struc- 
tures with round, darkly impregnating, finely granular nuclei and a 
paler, more coarsely granular cytoplasm, extending into typical macro- 
glial prolongments. They are, for the most part. nonfibrous, although 
they contain fiber-like forms within their prolongments. Morpho- 
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logically, they resemble the swollen forms of oligodendroglia, and 
many of the smaller cells cannot be differentiated from the latter. 

As to the origin of these new astrocytes, we cite two possibilities, 
both of which seem tenable on the basis of our observations. 


Fig. 17—Secondary degeneration at seventy-eight days: Fat-filled astrocytes 
attached to blood vessels seen in ordinary light (section 1) and in polarized light 
(section 2); gold sublimate-Fett Ponceau. 


The first is that they are derived by amitotic division of normal, 


older astrocytes. We have seen many examples of such division and 
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have discussed the phenomenon in an earlier paragraph dealing with the 
changes observed in the second week of the degeneration. 

The second possible source is from the new, small, round cells that 
arise in such great numbers about the end of the second week of the 


Fig. 18.—Secondary degeneration at seventy-eight days, showing a giant astro- 
cyte filled with fat droplets that photograph black by ordinary light, but are 
permeable by polarized light (section 2), in which they are seen as globules con- 
taining maltese crosses; gold sublimate-Fett Ponceau. 


degeneration. These cells are rather undifferentiated and for the most 
part resemble oligodendroglia. We believe that they are purely ecto- 
dermal and give rise to oligodendroglia and astrocytes. They impreg- 
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nate with gold sublimate and with silver carbonate equally well, and 
no differentiation can be made between the ones that are acting as 
genitors of new oligodendroglia and those that are acting as genitors 
of macroglia, until the later stages. In figure 19, section 1, representing 
the seventy-eighth day stage of degeneration, the final attainment in the 


Fig. 19.—Secondary degeneration at seventy-eight days, showing new, proto- 
plasmic astrocytes (A) arising in the field of recent secondary degeneration. 


size and the shape of the differentiating characters is shown. We 
consider the function of these new astrocytes to be twofold: (1) 
secretory-digestive and (2) supportive. 

We attribute the secretory-digestive function to them on the basis of 
the complete loss of normality on the part of the older astrocytes, 
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which have been acting as fettkoernchen cells beta. For in the latter, 
one sees an almost complete replacement of the body substance by fat 
droplets absorbed from the adjacent fettkoernchen cells alpha. The 
astrocytes become mere webs of tissue and seem to have succumbed in 
this process of engorgement. It is also probable that this passage of 
fat through the astrocytes is not unaccompanied by a secretive- 
digestive activity by these ectodermal, aiid therefore possibly glandular, 
cells. Inasmuch as we have seen, from time to time, fat inclusions 
within these new, protoplasmic aStrocytes, we regard them as cells that 
have developed in order to reabsorb and more completely digest the fat 
resting within astrocytes that have exhausted their digestive capacities 
as fettkoernchen cells beta. 

Aside from this active glandlike function of the new astrocytes is 
the simpler function of merely replacing their predecessors in perform- 
ing the normal duties of support and nutrition. For it is true, as we 
shall show immediately, that having at this stage divulged themselves 
of the greater part of their burden of fat, these astrocytes proceed to 
become part of a dense macroglial cicatrix. 

In the old, fibrous macroglia there is now a definite tendency to 
cicatrix formation. Their strongly impregnated fibrous prolongments 
surround the old rings in which the preliminary digestion of fat took 
place, and these rings are apparently empty, except for the nuclei of the 
fettkoernchen cells that have given up their fat. In marked contrast to 
the strips of normal tissue that escaped the degenerative process, in 
which the intact axis cylinders and their lightly impregnated myelin 
sheaths are seen lying within the meshes of the astrocytes, and the 
rows of normal oligodendrogliocytes, are these rings built of the deeply 
impregnating and strongly fibrous macroglia. 


SUMMARY 


A study of experimental secondary degeneration of the fibers of the 
spinal cord in rabbits was made, with the use of the metallic impreg- 
nation methods of the Spanish school, the aim being to study the three 
types of glia in this reaction. 

The degenerative reactions were studied in various representative 
stages up to and including the seventy-eighth postoperative day. 

The study revealed and confirmed the fact that the glial cells, both 
ectodermal and mesodermal, were the active agents in the phagocytosis 
of the degenerated nerve fibers. 

The oligodendroglia were shown to be the first active glial cells in the 
phagocytosis of the effete nerve fibers. 

In conjunction with a belated activity on the part of the microglia, 
the oligodendroglia were shown to continue their phagocytic activities 
until the axomyeline material had been fermented into true fat. 
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The substantiation of the fact of active phagocytosis on the part of 
the oligodendroglia, accompanied by that of the microglia, was made on 
the basis of distinctly different cyto-architectonic qualities in the phago- 
cytic derivatives of these two types of cells. 

The phagocytic-digestive activity of the ectodermal types, i. e., the 
oligodendroglia, is compared to that of glandular cells. 

The astrocytes were shown to have a particularly sturdy reaction 
during the earlier weeks of the degenerative process, with some excep- 
tions, but in the later weeks, to engulf fat and the other products of the 


degenerated nerve fibers. 

A hyperplasia on the part of the ectodermal glia, leading to the 
formation of new oligodendroglia and macroglia presumably for the 
purposes of the ultimate digestion and disposition of the fat, was 


demonstrated. 
The last function of the macroglia was seen to be in the nature of 


cicatrix formation in the areas of degeneration. 


CONCLUSIONS 

By the use of a purely experimental means of investigation and the 
avoidance thus of the complications presented by postmortem changes, 
the activities of the glia in secondary degeneration of the fibers of the 
spinal cord, and particularly the functions of the very susceptible oligo- 
dendroglia, can be successfully studied. The impregnation methods of 
the Spanish school constitute a satisfactory means of differentiating 
between the various types of glia that function as gitter cells. 

The oligodendroglia are the elementary glial units in this neuro- 
pathologic process, being the first cells to function as mzyeloclasts. 
Later they work in similar capacities and as myelophages in conjunction 
with microglia. 

The microglia, always much more sparse in the white matter of the 
spinal cord than in other parts of the central nervous system, play the 
role of secondary invaders of the seat of phagocytosis. They are 
mobilized and drawn into this seat of action from a distance. After 
the primary myeloclastic work of the oligodendroglia and the secondary 
myeloclastic activities of the oligodendroglia and the microglia working 
in conjunction, new groups of these two types of glia act together to 
become myelophages, and .others later function as fettkoernchen cells. 

The astrocytes act as purely supportive cells in the earlier periods 
of the degeneration. As the digestive activities of the smaller cells 
become productive of true fat, the latter is gradually absorbed into 
the surrounding macroglia. 

There are a permanent hyperplasia and a regeneration of the ecto- 
dermal elements, forming new oligodendroglia and macroglia. 
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The relationship of chloroma to the leukemic diseases is so well 
established, its clinical features and its pathologic lesions so well known, 
that the report of a single case is hardly justified unless the study pre- 
sents some new fact in addition to those generally known. 

The presence of large numbers of megaloblasts and normoblasts, 
primitive forerunners of the erythrocytes, in an otherwise typical case 
of myeloid chloroma seemed sufficiently interesting to warrant record- 
ing this case under the descriptive term of chloro-erythroblastoma. 

Dock,’ while studying the relationship of chloroma to the clinical 
observations in the blood, pointed out the similarity between the blood 
cells in chloroma and those in leukemia. Studies by Dock and Warthin * 
further pointed out the general systemic involvement in chloroma and 
definitely established the relationship of chloroma to leukemia. From 
morphologic studies of the cells in chloromatous tumors, they have been 
classified into lymphoid and myeloid types. However, Brannon * in an 
excellent review stated that the cases reported as belonging to the 
lymphoid type lack complete study of the tumor, bone marrow and blood 
smears, especially with reference to the peroxidase reaction. This he 
feels is necessary to establish the diagnosis of a lymphoid chloroma, and 
he agrees with Burgess* and Askanazy* that chloromas are always 
myeloid in origin. 

REPORT OF CASE 
History.—A previously healthy girl, aged 634 years, was admitted to the San 
Francisco Hospital because of a prominence of the left eye. Eight weeks prior 
to admission, her mother noticed that the child’s left upper eyelid drooped. Four 


weeks before entry, the eyeball appeared to protrude forward, and the upper 
lid became swollen. Vision apparently was undisturbed, and there was no pain. 


* Submitted for publication, Aug. 26, 1931. 

*From the Departments of Surgery and Pathology, Stanford University 
Medical School. 
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There was no history of familial diseases. Both parents were healthy. The 
child was born at full term, with spontaneous delivery. She was breast fed, and 
had normal growth and development. Chickenpox was the only disease of child- 
hood contracted by the patient. 

Physical Examination.—On admission, the rectal temperature was 99 F., the 
pulse rate 120 and the respiratory rate 22. The child did not appear ill and was 
well nourished. The left side of the head was prominently bosselated. The ears 
were normal. The left eye showed swelling of the upper lid with distention of 
the veins. There was proptosis with drooping of the eyelid, and the eyeball was 
displaced downward and outward by a mass in the upper nasal quadrant of the 
orbit. The tumor appeared about 1 by 2 cm. in size, and was located just below 
the supra-orbital ridge, and was apparently attached to the roof of the orbit. It 
was firm and elastic and had a smooth rounded edge. Proper convergence was 
prevented by the proptosis and outward displacement of the eyeball. The move- 
ments of the eyeball were all limited, especially the action caused by the superior 
rectus and superior oblique. The pupils were regular, reacted to light and in 
accommodation, and the left pupil was slightly larger than the right. Examination 
of the optic fundi showed dilatation of the veins on the left, with some blurring 
of the nasal half of the optic disk. 

The head and neck were otherwise normal. The cranial nerves were normal 
with the exception of the movements of the eyeball as noted. The chest, heart and 
lungs revealed no abnormalities. The edge of the liver was felt just below the 
costal margin, and the tip of the spleen was barely palpable. The reflexes of the 
extremities were all normal. A roentgenogram of the skull revealed no defects 
in bony structure. 

The urine showed no abnormalities. No attempt was made to detect the 
presence of the Bence-Jones protein. The blood revealed 3,000,000 erythrocytes 
per cubic millimeter, with a hemoglobin content of 60 per cent (Sahli) ; the white 
cells numbered 17,650, of which 66 per cent were polymorphonuclear cells and 
34 per cent mononuclear cells, interpreted as being lymphocytes. 

Because of the rapid growth after the onset of the symptoms, Dr. Leo Eloesser 
thought the tumor was malignant, probably a chloroma of the orbit. 

Therapy.—On Nov. 28, 1930, the child was given preoperative roentgen therapy 
over the left orbit by Dr. R. R. Newell. The next morning the eyelids were more 
swollen and reddened in the area of irradiation. The same day Dr. Eloesser 
operated on the patient. The orbit was exposed by a modified Kroenlein incision ; 
an incision parallel to the eyebrow and reaching the nasal sulcus was added, to give 
adequate exposure of the inner half of the orbit. On splitting the retro-ocular 
fascia, the tumor was seen to be lobulated and encapsulated, but it extended into 
the rear of the orbit, so that the zygoma was doubly incised and displaced outward 
to allow an adequate approach to the tumor, which was attached to the periosteum 
at the inner surface of the orbit. Here it was removed by galvanocautery, with a 
portion of the periosteum and a thin slice of the underlying bone. The wound 
was closed and drained by a small strip of rubber tissue. The eyeball and extra- 
ocular muscles were preserved. 

The convalescence was uneventful. Roentgenograms of the skull, chest and 
long bones showed no bony abnormalities or metastatic deposits. The blood, Dec. 
6, 1930, showed an erythrocyte count of 3,000,000, a hemoglobin content of 59 per 
cent (Sahli), and a white cell count of 21,050, of which 59.3 per cent were poly- 
morphonuclear leukocytes, 26 per cent lymphocytes, 3.3 per cent large mono- 
nuclears, 0.3 per cent basophils, 8 per cent neutrophil myelocytes and 3.3 per cent 
myeloblasts. The red cells varied in size and shape. There were large erythro- 
cytes with polychromasia, and two megaloblasts were seen. 
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Under the direction of Dr. R. R. Newell, a postoperative course of deep 
roentgen therapy was begun, the plan being to give small filtered doses over the 
entire body, with exposures twice weekly. 

The observations on the blood are shown in the table. 

Examination .of Removed Tumor.—The tumor measured 3% by 3 by 1% cm. 
The mass had one smooth, flat surface, while the opposite side presented a 
lobulated appearance similar to that of pancreatic tissue. The tumor was enclosed 
in a thin, transparent capsule, through which the tissue appeared as an olive green 
mass. The color was the most striking quality of the specimen. Section showed 


Fig. 1—A low power photomicrograph showing the general architecture of the 
chloroma. The myeloid cells are in close approximation and parallel to the thin- 
walled capillaries. In the central vessel is shown the detachment of a swollen 
endothelial cell from the wall into the lumen. 


no definite structure. The tissue was homogeneous, firm and elastic. The color 
faded to a dirty gray-green within one hour, but was restored, even three months 
later, by placing the tumor in hydrogen peroxide. 

Microscopic paraffin sections stained with Giemsa’s stain showed the tumor to 
be composed of closely packed cells arranged definitely parallel to thin-walled 
capillaries and blood sinuses, the architecture of the tumor being apparently 
dependent on the vascular arrangement (fig. 1). There was a fine, indistinct 
reticulum loosely binding the cells outside the walls of the blood vessels. The 
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type of cell most frequently encountered had a large, rounded or slightly oval 
vesicular nucleus with a surrounding thin investment of basophil cytoplasm, 
agranular and without vacuoles. These cells corresponded to the myeloblasts of 
normal bone marrow. Numerous myelocytes were seen with round or slightly 
indented nuclei and with granular cytoplasm. Those with eosinophil granules pre- 
dominated, while the neutrophil myelocytes were less numerous. Only a very 
occasionai basophil granular cell was encountered. While polymorphonuclear 
leukocytes were found, most of them lay within the lumen of the blood vessels. 
Rendered distinct by their dark, pyknotic nuclei, the cells of the erythocytic series 
were found throughout the microscopic section (fig. 2). Megaloblasts with 


Fig. 2—A high power photomicrograph in which groups of erythroblasts and 
megaloblasts are rendered distinct by the contrast of their small, pyknotic nuclei 
with the larger, faintly granular nuclei of the myeloblastic cells. With the 
Giemsa stain, the cytoplasm of the erythroblastic cells shows varying stages of 
accumulation of the eosinophil hemoglobin. 


basophil, agranular, clear, pyknotic nuclei, frequently placed eccentrically, com- 
posed the majority of the cells of the erythrocytic type. One could see many of 
the stages in the maturation of the red cell: megaloblasts with beginning poly- 
chromasia, normoblasts with a full complement of hemoglobin and with small, 
dark, pyknotic nuclei, which occasionally showed karyorrhexis—all these types 
were encountered. Howell-Jolly bodies were occasionally seen in the erythrocytes 
lying outside the vascular wall, and macrocytes with polychromasia were fre- 
quently seen. 
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Many of the endothelial cells of the thin-walled capillaries. and sinuses 
appeared swollen and rounded (figs. 3 and 4). In longitudinal profile of the 
vessel, this was seen to take place in isolated sections of the wall of the blood 
vessel, while normal, thin, spindle-shaped endothelial cells were interspersed 
between the rounded cells. These rounded endothelial cells might bulge into the 
lumen or to the outside of the vessel, then occupying a position among and almost 


Fig. 3—A high power photomicrograph. At the top of the field are blood 
sinusoids showing rounding up and stages of detachment of the endothelial cells 
from the walls of the vessel into the lumen. Many cells of the erythrocytic 
series are seen scattered among the myeloid cells. 


surrounded by the closely packed myeloid cells. The rounded endothelial cells 
had changed staining characteristics as well; the cytoplasm was more distinct and 
basophil, and the nucleus more rounded and darker, although still vesicular. The 
long, oval, branched reticulum cells, with indistinct cytoplasmic outlines, occasion- 
ally were seen to undergo a similar transformation, with a rounding up of the 
cytoplasm, which became more distinct and basophil, while the nucleus became 
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more rounded with a more distinct chromatin network. No megakaryocytes or 
blood platelets were found among the tumor cells. Lymphocytes and plasma cells 
were likewise absent. Mitotic figures were seldom seen. With the peroxidase 
reaction, the cells described as myeloblasts, myelocytes and polymorphonuclear 
leukocytes showed distinct granules of the peroxidase type. No pigment, either 
amorphous, extracellular or intracellular, could be seen in fresh or permanent 
sections. No crystals similar to Charcot’s crystals were found such as those in 
the chloroma described by Askanazy. 

Subsequent Course ——The child was admitted to the Stanford Hospital on Feb. 
13, 1931, because of profuse epistaxis beginning that morning. Twe weeks before, 


Fig. 4--A high power photomicrograph. The small blood vessel running 
through the center of the field shows rounding up of the endothelial cells of the 
wall of the vessel, with protrusion into the lumen at a, and into the surrounding 
tumor at b and c. Myeloid cells predominate, but megaloblasts are present, 
recognized easily by the small, pyknotic, eccentric nucleus. 


the mother had noticed that the child bruised easily. Four days before, a dull 
pain developed in the patient’s left groin, which had persisted. 

Examination revealed an apathetic, extremely pale and ill-looking young girl, 
bleeding from the left nostril. The rectal temperature was 100.8 F., and the pulse 
rate, 128. The region of the left eye showed the operative scar, with drooping 
of the upper lid and protrusion of the eyeball. There were large ecchymoses in 
the left pectoral region and over the right calf, with petechial hemorrhages on the 
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lips and gums. The heart, lungs and abdomen failed to reveal any abnormalities 
except tenderness in the left groin. Neurologic examination revealed nothing 
abnormal. 

The urine showed a trace of albumin with an occasional red blood cell, but 
tests for the Bence-Jones protein gave negative results. The stool was markedly 
positive for occult blood. A series of roentgenograms of the skull revealed 
nothing other than thickening of the mucous membrane of the antrums. For the 
observations on the blood see the table. 

Three days after entry, the child became stuporous, her temperature rose to 
104 F., and her pulse rate was 160. The bulging of the left eyeball increased, 
She had marked air hunger, and there were loud, crackling rales throughout the 
chest. The child expired on the sixth day after entry. 

Autopsy.—The body was that of a well developed, well nourished, pale, white 
girl, with areas of purplish discoloration of the skin variously distributed over 


Tabulated Observations in Blood in a Case of Chloro-Erythroblastoma 
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the body. A healed incision followed the left eyebrow and extended laterally for 
several centimeters. The left eye was markedly protuberant with congestion of 
the cornea and iris. Both pupils were equally dilated. The lymph nodes were 
not palpable. There was a very slight edema of the lower extremities. 

The surface of the scalp next to the calvarium contained many moderate-sized 
hemorrhagic areas. The calvarium was normal, with moderate prominence of 
the vascular markings. The dura contained many small, flat, green, thickened 
areas averaging 1 cm. in diameter, rather uniformly distributed. The falx and 
tentorium were normal. There was slight flattening of the cerebral .convolutions, 
with moderate congestion of the blood vessels. The cerebrospinal fluid was clear 
and normal in quantity. Many small hemorrhages covered the cerebeilum. There 
was an olive-green, moderately firm, elastic tumor, measuring 2% by 2% by 2 cm., 
firmly adherent to the dura and to the bone beneath, extending into the left 
occipital lobe of the brain but only loosely attached to it (fig. 5). The bone 
beneath the tumor was eroded and contained numerous small, frostlike spicules 
extending into the dura and tumor. The pia-arachnoid space for 2 to 3 cm. 
surrounding the occipital brain defect was green. The hypophysis appeared 
normal. There was a green color visible through both orbital plates, the bones of 
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the middle cranial fossae and the sella turcica of the sphenoid. When the orbital 
plates were removed, masses of olive-green tumor were found in both orbits, 
chiefly superiorly, with none beneath and none penetrating the eyeballs. The 
anivei of the sella turcica and temporal bones was olive-green. The venous 
sinuses contained fluid blood and postmortem clots. 

In the thoracic cavity there was a flat, olive-green mass, measuring 2 by 1.5 by 
0.5 cm., firmly attached beneath the manubrium of the sternum. The spongy 
marrow of the sternum was brownish green. 

The left pleural cavity was partially obliterated by adhesions of the visceral 
pleura to a green tumor measuring 3 by 2.5 by 1.5 cm., firmly attached to the 
third and fourth ribs posteriorly. The right. pleural cavity was free from 


Fig. 5—A drawing of chloromatous nodules in the dura removed at autopsy. 
The large tumor protruded into the left occipital lobe of the brain and was firmly 
adherent to the skull. 


adhesions, but there was a small, green nodule, measuring 1 cm. in diameter, 
adherent to the sixth rib near the vertebra. The pericardium was smooth and 
contained a few milliliters of clear fluid. 

The heart weighed 150 Gm. The external appearance was normal, except for 
numerous small epicardial hemorrhages. The chambers, valves, coronary arteries 
and aorta were normal. The foramen ovale and ductus arteriosus were closed. 
Small hemorrhagic areas were distributed throughout the ventricular muscle. 

The pleura of the left lung was smooth, except for the area attached to the 
tumor and a moderate number of small hemorrhages. The cut surface of the 
lung contained many scattered hemorrnagic areas of consolidation and exuded a 
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large amount of edematous fluid. The tumor appeared to be in the pleura only 
and did not penetrate into the lung. The bronchi contained a small amount of 
frothy, blood-tinged fluid. The trachea was normal. The peribronchial lymph 
nodes were small and gray. The right lung was similar to the left but without 
pleural tumor. 

The spleen, pancreas, suprarenal glands, kidneys and urogenital tract were 
normal. 

The gastro-intestinal tract was normal, except for marked congestion and 
petechial hemorrhages of the gastric mucosa. 

The liver weighed 910 Gm. The surface was smooth and the cut surface 
normal in color and consistency. The gallbladder and ducts were normal. 

There was a collection of flat, green nodules in the pelvis, firmly adherent to 
the sacrum. 

The mediastinal, mesenteric, inguinal and retroperitoneal lymph nodes were 
slightly large and pink. 

The marrow of the vertebrae, ribs and clavicles was brownish green. 

Microscopic Examination.—Stains: The paraffin sections were stained with 
hematoxylin-eosin, hematoxyiin-van Gieson and Giemsa’s stains. 

Tumor Tissue: The orbital tumors revealed a growth of closely packed, large 
oval, round and polyhedral mononuclear cells without tendency for orderly 
arrangement except in areas where they definitely followed thin-walled capillaries 
There was a delicate network of stroma. Most of the cells were myeloblastic, 
with a thin, nongranular, uniformly staining cytoplasmic ring, more prominent 
on one side, and with a definite limiting membrane. Many cells contained slightly 
granular, neutrophil cytoplasm, while many others took the eosin stain and were 
clearly myelocytes. In the majority of the cells, the nucleus was prominent, 
larger than an erythrocyte, eccentrically placed, chiefly oval but often indented, occa- 
sionally bilobed or with two nuclei, vesicular, and contained one or more prominent 
nucleoli with a fine filamentous reticulum of chromatin and very rare mitotic figures. 
Adult neutrophil polymorphonuclear cells were rare. Every field contained eosin- 
staining cells varying from early myelocytes to adult leukocytes. Occasional basophil 
myelocytes were seen. The immature leukocytes were predominately positive to the 
peroxidase reaction. In the thin endothelial walls of the capillaries were occasional 
large oval and spindle-shaped cells, with prominent, large, oval nucler that extended 
into the lumen or into the collection of myeloid cells that surrounded the vessels. 
Among the immature leukocytes were many early normoblasts, which took the 


basophil stain, and which were in all stages of hemoglobin content up to that of 
mature erythrocytes. There were many megaloblasts. Large fat cells were scat- 


tered through the sections, and several small nerves were seen. 

Sections of the large dural tumor were similar to those of the described 
orbital masses, but with the eosinophil elements more pronounced. The neoplasm 
had almost replaced the entire dural tissue in areas and irregularly eroded 
the inner table of the skull, leaving spicules of bone with the spaces between and 
the marrow spaces of the diploe filled with immature myeloid cells as previously 
jlescribed. 

rain: The subarachnoid space over the left occipital lobe near the defect 
caused by the dural nodule was packed with large, immature myeloid cells with 
many eosinophil cells and a few erythroblastic cells. There was no invasion of the 
nervous tissue by the neoplasm, except for occasional small perivascular infiltra- 
tions. 

The cerebellar meninges were rather markedly congested and contained 
occasional myelocytes in the spaces. There were many small areas of hemor- 
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rhage with moderate infiltrations of immature myeloid cells and a few normo- 
blasts in the outer gray stratum of the cerebellar cortex. 

No infiltrations were found in or about the optic nerves. 

Marrow Smears: Giemsa-stained smears of rib marrow contained numerous 
large, immature leukocytes ranging from myeloblasts to granular myelocytes, 
chiefly neutrophil, but many taking the eosin stain and occasionally showing 
mitosis. A moderate number of adult eosinophil leukocytes, occasional neutro- 
phil and rare basophil cells were present. Erythrocytes were relatively scarce ; 
a few of these were megaloblasts; many were normoblasts. A few large phago- 
evtic cells contained blood pigment and fragments of- cells. Megakaryocytes were 
extremely rare and degenerated. Smears from sternal and vertebral marrow 
presented the same striking picture of a large number of early myeloid cells, many 
eosinophil cells and relatively few red elements. 

Bone: Sections of decalcified rib presented enlarged marrow spaces, filled with 
closely packed early myeloid cells and a few adult leukocytes, with many cells 
taking the eosin stain. Erythrocytic cells were noticeably few and gathered in 
small islands with many normoblasts. The bony structure was very thin in areas 
In one portion, the marrow cells were just beneath the periosteum with only 
narrow strands of fibrous tissue separating them from a large tumor adherent to 
the periosteum composed of cells similar to those found within the marrow 
spaces and in the orbital and dural tumors. Sections of the sternum were similar 
to those of the rib but with small islands of erythrocytic tissue more prominent. 

Liver: The liver cells contained many fat droplets. Several medium-sized 
branches of the portal vein contained many myelocytic and myeloblastic cells 
among the red cells. A few early myeloid cells and occasional normoblasts were 
in the capillary sinusoids. 

Spleen: There was marked dilatation of venous sinuses, which were filled 
with red cells, large mononuclear, myelocytic and myeloblastic cells with many 
eosinophil and basophil cells and rare normoblasts. In areas, the pulp cells were 
crowded into insignificance. The splenic nodules were small and in sharp contrast 
to the larger collections of immature leukocytes. Within a few of the nodules 
were moderate-sized areas of these cells. 

Lungs: The pleura was thickened by a heavy infiltration of myeloid cells, 
eosinophil leukocytes and occasional normoblasts. A moderately large lymphatic 
vessel was packed with similar cells. The alveolar walls were thickened; the 
capillaries were congested and contained a few immature myeloid cells. Many 
of the alveolar spaces were filled with edema and fibrin containing large, granular, 
pigmented mononuclear cells, round cells, red cells and polymorphonuclear cells. 
Other spaces were atelectatic. Another section revealed practically all the 
alveolar spaces filled with edema, a few large, granular phagocytes, round cells 
and red cells, while others were packed with red cells. In patchy areas, a few 
alveoli were filled chiefly with early myeloid cells. There was a moderately large 
collection of myelocytic cells with a few eosinophils in the lymphoid tissue in 
strands of interlobular connective tissue. 

Heart: The epicardium contained a moderate amount of fat with rather 
marked areas of hemorrhage and moderate-sized collections of myeloid cells with 
only a.few eosinophil cells and rare normoblasts. There were many moderate- 
sized areas of hemorrhage in the myocardium, with several isolated infiltrations 
of the myeloid cells between the muscle fibers and about the vessels. The aorta 
was normal. 

Kidneys: There were marked areas of congestion. The glomeruli were 
normal, with slight cloudy swelling of the tubular epithelium and a slight amount 
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of granular material in the tubules. In the interstitial tissue at the apex of a renal 
pyramid were moderate numbers of large myelocytic cells, a few eosinophil cells 
and many basophil cells. No other cellular infiltrations were found. 

Lymph Nodes: The lymph nodes presented a rather marked diffuse lymphoid 
hyperplasia with the small, deeply staining lymphocytes in contrast with the large, 
lighter staining myeloblastic and myelocytic cells, which were in moderate numbers 
in the sinuses and through the more compact lymphoid areas. Eosinophil cells 
were plentiful. There were a few basophil cells and rare normoblasts. A fey 
carbon-laden large mononuclear cells were found in the peribronchial nodes. 

Ovary: There were many primary and occasional vesicular follicles in the 
ovarian cortex. In the fibrous connective tissue of the medulla toward the hilys 
was a diffuse infiltration of large myelocytic cells with a generous sprinkling of 
eosinophil mononuclears. There was one moderately large area containing 
numerous closely packed cells of this type with erythroblastic cells that closely 
resembled the orbital tumor. 

Uterus: No infiltrations of the myometrium were seen, but the larger venules 
were packed with large myeloblastic and myelocytic cells with only occasional 
eosinophil cells. 

Other Organs: The remaining organs were free from pathologic changes, 
and chloromatous infiltrations. 

3acteriologic Smears: Smears of the lungs contained many gram-positive 
lanceolate diplococci with a tendency to cling together in short chains. Rare 
single gram-positive cocci were in the smears from the vertebral marrow, while 
those from the sternal marrow and orbital tumors were negative. 


COM MENT 


The chloroma under discussion first appeared as a tumor attached 
to the periosteum of the orbit. It was olive-green and microscopically 
was composed of myeloid cells and primitive erythrocytic cells, while 
immature myeloid cells and erythrocytes were found in the patient’s 
blood stream. The continued presence of immature myeloid cells in the 
blood after the removal of the only demonstrable tumor was confirma- 
tive evidence of the systemic nature of the disease and of the general 
involvement of the bone marrow that is typically found in chloroma. 
Secause of this, postoperative irradiation was planned so as to give 
small, filtered doses of the x-rays to the entire body, in an effort to 
control the progress of the disease. While in Dock’s reported series the 
duration of life was from five to nine months, Washburn * has on 
record a proved case of chloroma with multiple foci of bone destruction, 
mediastinal masses, intradural tumors and a leukemic blood picture that 
responded well to multiple small doses of the x-rays. Three and one- 
half years after operation for removal of the intradural chloroma, which 
was followed by irradiation of the whole body, the patient was living 
and apparently well. The defects of the bony skeleton and_ the 
mediastinal metastasis had disappeared, and the blood picture was nor- 
mal. This one reported case was sufficient to recommend prolonged 


6. Washburn, A. H.: Am. J. Dis. Child. 39:330, 1930. 
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small doses of the x-rays in the present instance, but they were without 
influence on the progress of the disease. 

The progress of the disease was marked by rapid progressive anemia 
and thrombopenia, with symptomatic purpura. It is of interest that 
throughout the bone marrow and the several masses of abnormal tissue, 


megakaryocytes were extremely scarce. One might assume that in the 
rapid replacement of the normal marrow by the chloromatous tissue, 


the megakaryocytes giving rise to platelets were crowded out. 

The presence of megaloblasts and normoblasts outside of the blood 
vessels, and forming part of the chloroma, is a finding that a study of 
the available literature on’ chloroma fails to duplicate. The inclusive 
term of chloro-erythroblastoma may well be used to describe this picture 
and to call attention to the erythroblastic potentialities in chloroma. 
Cases of multiple myeloma in which the typical cells were erythroblasts 
have been reported by Ribbert,’ Froboese * and Schridde,’ and in these 
cases the tumor has been given the name of erythroblastoma. [Ewing ‘° 
mentioned that Norris had encountered such a tumor, and referred to a 
specimen that he himself had studied which might fall within this group. 
In the instances described by Froboese and by Schridde, myeloid cells 
were present as well. Not only does the presence of both types of 
cells in the chloroma point to the close relationship of chloroma to 
multiple myeloma, much as the leukemic and aleukemic stages of leu- 
kemia are linked together, but it calls attention again to the inter- 
dependence of the myeloblastic and erythroblastic activities of the bone 
marrow, which is often lost sight of in the present rigid classification of 
diseases of the blood-forming organs. This is borne out again by the 
reported cases of polycythemia vera which in their terminal stages have 
shown the blood picture of leukemia.'' The participation of both myelo- 
blastic and active erythroblastic cells in an actively growing tumor, with 
the appearance of both types of immature cells in the blood stream, 
should be presumptive evidence for the monophyletic origin of the 
mammalian blood cells derived from bone marrow. In the study of the 
morphology of the individual cells of the tumor here reported, it was 
found impossible to identify a common parent stem cell giving rise to 
both erythroblasts and myeloblasts. The early myeloblasts were char- 
7. Ribbert, Hugo: Zentralbl. f. allg. Path. u. path. Anat. 15:22, 1904. 

8. Froboese, C.: Virchows Arch. f. path. Anat. 222:291, 1916. 

9. Schridde, cited by Helly, K.: Leukaemia, in Henke, F., and Lubarsch, O.: 
Handbuch der speziellen pathologischen Anatomie und Histology, Berlin, Julius 
Springer, 1927, vol. 1, sect. 2, p. 1061. 

10. Ewing, James: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders, 
Company, 1928, p. 326. 

ll. Askanazy, M.: Knochenmark, in Henke and Lubarsch (footnote 9, vol. 1, 

sect. 2, p. 948). Weber, F., and Bade, O. B.: Klin. Wehnschr. 9:2244, 1930. 
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. 
acteristic,. as were also the megaloblasts. Endothelial celis could 
be seen budding off from the wall of the vessel either into the lumen or ' 
to the outside to lie-among the myeloid cells of the tumor. This bud- 
ding off process has been described by Maximow ** and has been fre- 
quently seen by Sabin ** in the living chick embryo. During the buddjng 
off process, the cytoplasm and the nucleus take on the characteristics 
described under the heading Microscopic Examination, and _ reticulum 
cells were also encountered undergoing a similar transformation. No 
intermediate cells could be found that could be identified as the fore- 
runners of the myeloblast or of the megaloblast. Since Sabin has shown 
that erythroblasts are the first blood cells to differentiate from the 
endothelium of the embryo, a tumor containing the forerunners of the 
erythrocyte may be looked on as being derived from a more primitive 
type of cell than those tumors composed purely of myeloid cells. 


SUMMARY 


A myeloid chloroma is reported in the formation of which both 
myeloblastic and erythroblastic types of cells participated, for which 
the descriptive term of chloro-erythroblastoma is suggested. 

The close relationship of chloroma to multiple myeloma is indicated. 

While the tumor here reported suggests the monophyletic origin of 
blood cells, no parent stem cell could be identified. 


12. Maximow, Alexander: Arch. f. mik. Anat. 63:444, 1909. 
13. Sabin, Florence R.: Physiol. Rev. 2:38, 1922. 
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Obliterative bronchiolitis, described first by Lange (1901), is under- 
stood to be a secondary disease of the terminal bronchi following acute 
or subacute and, exceptionally perhaps, chronic inflammation of the 
bronchiolar walls. On the one hand, it occurs as a sequel of infectious 
pneumonia associated with marked involvement of the bronchial walls, 
as in measles (Hart), diphtheria (Colombino), influenza (Huebsch- 
mann; Opie, Blake, Small and Rivers) whooping cough (Lauche) and 
occasionally acute lobar pneumonia (Hart, Beitzke, Floyd, Lauche). On 
the other hand, it occurs in pneumonia caused by chemical irritants and 
associated with severe necroses; that is to say, after inhalation of 
ammonia or of sulphuric, hydrochloric or nitric acid (Fraenkel, Edens), 
as well as after inhalation of war gases (Winternitz, Groll, Adelheim). 
In both groups the most marked destruction of the terminal bronchi 
occurs. 

Whereas in the first group the organization usually starts about 
fourteen days after the onset of the disease (Floyd), in the latter group 
it makes its appearance much earlier. Winternitz, in his experimental 
studies of war gas poisoning in dogs, observed it as early as five days 
after the onset. In our experiments with alcohol in rabbits, it was 
evident as early as three days. If one takes into consideration the fact 
that in the one group the condition follows slowly progressing bacterial 
inflammation and in the other group acute cauterization, the differences 
in time of onset are easily understood. 

Besides these two groups of cases. with known etiology there are 
reported in the literature isolated cases in which the etiology could not be 
determined (Lange, Galdi, Fraenkel, Vogel, Dunin-Karwicka). 

In this study are presented several cases of obliterative bronchiolitis 
observed in Bright’s disease that differ, at least in pathogenesis, from 
the cases of the groups mentioned. In these cases it has not been a 
matter of single organized plugs, which are certainly found more 


* Submitted for publication, June 6, 1931. 
*From the Hospital of the Rockefeller Institute for Medical Research. 





70 ARCHIVES OF PATHOLOGY 


frequently than is generally believed (Floyd), but of an extensive 
process involving the whole lung or a major part of it. Only when the 
process is widespread throughout the lungs is it justifiable to designate 
the condition as obliterative bronchiolitis. 

Descripitions of the clinical features of these cases and of the 
anatomic changes found in the kidneys have been published elsewhere 
(Van Slyke). Attention will be given here, therefore, chiefly to the 


pulmonary lesions. 


PULMONARY OBSERVATIONS IN THREE CASES OF 
BRIGHTS DISEASE 


Case 1.'\—History.—M. K., a woman, aged 48, was admitted to the hospital two 
and a half months before she died. Uremic symptoms were present during the 
entire time that she was under observation, and she died in uremic coma. The 
clinical diagnosis was “arteriosclerotic Bright’s disease. Latent-terminal.” 

On physical examination at the time of admission, the patient presented no pul- 
monary lesions. On June 6 (eight days before her death), she complained of 
tightness across the chest, for which there was no apparent cause. In the evening, 
difficulty in breathing developed. On the next day, the respiratory rate was 
increased, and the patient appeared to be very ill. There was marked dulness at 
the bases of both lungs, over which loud, moist rales could be heard. There was 
a little cough, with a very small amount of sputum streaked witi fresh blood. The 
temperature was 100.2 F. On June 8, the temperature and the respiratory rate 
returned to normal. A roentgen examination showed heavy mottling of both lung 
fields, but there was no evidence of free fluid at either base. On June 10, the patient 
became comatose. Moist rales were present throughout both lungs, but especially 
in the left. The temperature again rose to 101.2 F. The roentgenogram showed 
more mottling than appeared two days before. Death occurred on June 14. 


Anatomic Diagnosis at Autopsy.—At autopsy, the diagnosis was: primary con- 
tracted kidneys, malignant sclerosis of Fahr, cardiac hypertrophy, serous pleurisy, 
serous fibrinous pericarditis and cartilaginous perisplenitis. 


Postmortem Observations in Lungs.—The right lung weighed 360, the left 
330, Gm. The surfaces were apparently normal. The lobes were voluminous and 
firmer than normal and contained air. The cut surfaces had a mottled appearance. 
Those of the upper lobes were grayish red; those of the lower lobes, dark red. 
From the cut surfaces exuded a large amount of foamy fluid. 

Microscopic Examination: Many of the alveoli of the lungs were filled with 
exudate ; others contained air. In the upper lobes, the exudate consisted mainly of 
serous fluid, mixed with varying numbers of swollen mononuclear cells. Every- 
where some erythrocytes and occasional polymorphonuclear leukocytes were found. 
Certain of the mononuclear cells contained several nuclei and were filled with tat, 
erythrocytes and coal pigment. In the lower lobes, the exudate contained many 
erythrocytes and varying numbers of mononuclear cells. The capillaries were 
dilated with blood. In their lumina increased numbers of polymorphonuclear leuko- 
cytes were present. The bronchioli were well preserved. The epithelial cells in 
places were desquamated. In the walls single polymorphonuclear leukocytes were 


1. The three cases discussed in this paper are cases 23, 38 and 53 in Dr. Van 
Slyke’s monograph. 
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seen. The walls of the larger bronchi and blood vessels were edematous. Around 


the larger bronchi there were relatively many histiocytes filled with coal pigment. 


Equally dispersed throughout all lobes, but in larger numbers only in the lower 
lobes, were small areas, some of which were round, others elongated, and still others 
leaf or trefoil-like in shape. These areas were situated chiefly in the bronchioli, 
alveolar ducts and alveoli. These areas represented sections of plugs consisting of 
erythrocytes mixed with a little fibrin, single polymorphonuclear leukocytes and 
mononuclear cells. Others (fig. 1) consisted of granular and partly fibrous sub- 


Fig. 1 (case 1)—Lung; iron-hematoxylin-eosin; & 140: The alveoli are in 
part collapsed and contain many erythrocytes, varying numbers of mononuclear 
cells and single polymorphonuclear leukocytes. The capillaries are dilated with 
blood. Some acinous plugs consist of fibrinoid masses surrounded and penetrated 


by young fibroblasts. 


stances, stained pink by hematoxylin-eosin, giving a positive fibrin reaction, and 
containing varying numbers of degenerated erythrocytes, mononuclear cells and 
single eosinophilic leukocytes, round cells and plasma cells. The areas were sur- 
rounded and penetrated by spindle-like cells with longish, pale nuclei. Distinct 
fibers were stained red by van Gieson’s stain. No blood vessels could be found in 
these areas. The bronchioli filled by such plugs contained in places well preserved 
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epithelial cells, which, however, were not present on the plugs. Occasionally, con- 
nections between the plugs and the walls of the bronchioli could be observed. The 
walls of the bronchioli were well preserved. No cellular infiltrations or changes 
in the lymph vessels were seen. No bacteria were found. 


CasE 2.—History.—E. S., a woman, aged 31, was admitted to the hospital 
several times before her last admission seventeen days before she died. Uremic 
symptoms had been present for a long time and persisted until the time of death, 
The clinical diagnosis was “hemorrhagic Bright’s disease, terminal.” 

The patient had always been subject to sore throat. At the age of 24 she 
suffered from pleurisy, on account of which she spent two weeks in bed. Other 
respiratory disea_> had not been noticed by the patient, nor were abnormal pui- 
monary signs found on repeated examinations. About five weeks before the last 
admission she caught a cold, which developed into bilateral sinusitis. Since then 
she had been weak, and her health had become continuously worse. About one 
week before admission (from three to four weeks before her death), she became 
short of breath and complained of a dry cough. A sense of constriction about the 
chest was present, especially on the right side below the clavicle. 

On admission, the breathing was rapid and somewhat embarrassed. Tactile 
fremitus was diminished at the right base, where there had been old adhesive 
pleurisy. The breath sounds were vesicular and tended to be harsh; they were 
diminished at the right base posteriorly. At the left base there were numerous 
moderately coarse, moist rales. The voice sounds were diminished over the dull 
area and exaggerated elsewhere. In a roentgenogram, taken sixteen days before 
death, rather fine mottling of the lung fields was seen, arranged in a radial fashion 
along the course of the bronchial tree and especially marked at the periphery of 
the lungs. 


Anatomic Diagnosis at Autopsy—At autopsy, the diagnosis was: secondary 
contracted kidneys, chronic glomerulonephritis, cardiac hypertrophy, fresh serous 
fibrinous pleurisy, old adhesions of the right lower lobe, fresh serous fibrinous peri- 
carditis, fresh perisplenitis and perihepatitis. 


Postmortem Observations in Lungs—The right lung weighed 500, the left 
380, Gm. Both lungs were voluminous and firmer than normal. Both contained air. 
The cut surfaces of the upper lobes were grayish red; those of the lower lobes, dark 
red. From the cut surface exuded a large amount of frothy fluid. The mucous 
membranes of the bronchi were reddish and covered by mucus. 

Microscopic Examination: Many of the alveoli, especially those of the right 
lung, were filled with exudate, but others contained air and only a little exudate. 
The exudate consisted of serous fluid in which there were numerous swollen mono- 
nuclear cells. Erythrocytes were found everywhere, but especially in the lower 
lobes. There were also a few polymorphonuclear leukocytes and a little fibrin. 
Many mononuclear cells contained several nuclei as well as erythrocytes and fat. 
Others contained coal pigment. The capillaries were dilated with blood, in which 
there was obviously an increased number of polymorphonuclear leukocytes. The 
larger bronchi were in general well preserved. The walls of certain of them were 
infiltrated by varying numbers of polymorphonuclear leukocytes; a few leukocytes 
were also found within the lumina. The walls of many larger bronchi and of the 
arteries were edematous. Surrounding the small bronchi and bronchioli and also 
the smaller blood vessels were accumulations of histiocytes filled with coal pigment. 
The bronchial epithelium was frequently desquamated. In the walls of the small 
bronchi and bronchioli, as well as around the smaller blood vessels, were small 
round cell infiltrations and a few polymorphonuclear leukocytes. 





EHRICH-McINTOSH—BRONCHIOLITIS OBLITERANS 73 


Throughout the lungs there were small acinous areas situated in the bronchioli, 
alveolar ducts and alveoli, which consisted, on the one hand, of erythrocytes, fibrin, 
varying numbers of polymorphonuclear leukocytes, fibrin and mononuclear cells 
containing coal pigment and, on the other hand, of spindle-like cells. In many 
instances, these masses filled the lumina entirely (fig. 2). The cells contained 
longish, pale nuclei. There were many fibers, which were red when stained by 
yan Gieson’s method and blue when stained by Mallory’s. The plugs contained no 
blood vessels. At their distal ends, one found occasionally a little fibrin, round cells 
and a few polymorphonuclear leukocytes. The acini filled by such plugs contained 
usually well preserved epithelial cells. Occasionally connections between the plugs 
and the walls of the bronchioli could be demonstrated. No bacteria were found. 

Case 3.—History.—F. S., a man, aged 44, was admitted to the hospital in a 
uremic condition six weeks before his death. The clinical diagnosis was “hemor- 
rhagic Bright’s disease. Acute-terminal. Acute arthritis.” 


Fig. 2 (case 2)—Lung; methylene blue-eosin; « 140: The alveoli contain 
serous. fluid, mononuclear cells and single polymorphonuclear leukocytes. In the 
alveolar septums one sees fibrin. An acinous plug is to be noted that consists 


of older connective tissue, at the peripheral end of which fibrin and some leukocytes 


can be recognized. 


Four months before admission, he suffered from a series of colds. Three months 
before admission, he contracted a severe cold, suffering from malaise, cough, 
expectoration and coryza. The cough improved, but he remained weak. Joint 
symptoms then appeared. On physical examination at the time of admission, no 
abnormal signs were found. A roentgenogram showed mottling of the lung fields 
in a radial fashion following the course of the bronchial tree. This appearance was 
especially marked at the-hilus of the lungs. The apexes were relatively clear. 
Three days before the patient’s death, the temperature, pulse rate and respiration 
rate all-rose. There was dulness at the bases of both lungs posteriorly, and many 
coarse rales were heard. 

Anatomic Diagnosis at Autopsy—At autopsy, the diagnosis was: subacute 
glomerulonephritis, extracapillary type of Fahr, aplasia of the right kidney, fresh 





Te STINE RR NDR, Ds ED 


“lk ay 


fi 
‘ 
s 
¥ 
t 
, 


74 ARCHIVES OF PATHOLOGY 


serous fibrinous pleurisy, old adhesions in the left pleural cavity, serous peri- 
carditis, ascites, old adhesive perisplenitis and perihepatitis. 

Postmortem Observations in Lungs.—The right lung weighed 990, the left 749. 
Gm. The surface of the left lung was covered by masses of fibrin. The lungs were 
voluminous and firmer than normal. In most places they contained air. The cut 
surface was dark and exuded a large amount of frothy fluid. The lower lobes 
especially contained firm nodes, which consisted of small yellowish areas surrounded 
by red zones. The trachea and bronchi were filled with a reddish, frothy fluid, 
Their mucous membranes were dark red. 

Microscopic Examination: Although most of the alveoli were filled with exu- 
date, others contained air. The exudate consisted of serous fluid, many swollen 


Fig. 3 (case 3).—Lzung; van Gieson-elastica; « 135: The alveoli are filled 
with serous fluid, mononuclear cells and a few polymorphonuclear leukocytes. The 
capillar:es are rich in polymorphonuclear leukocytes. In the center of the field, 
one sees an old, edematous, organized plug, rich in collagenous fibers and poor in 
nuclei. The pleg is covered by ep‘thelial cells. 


mononuclear cells and polymorphonuclear leukocytes. Some erythrocytes and a 
little fibrin appeared everywhere. Many mononuclear cells contained several nuclei 
and were frequently filled with erythrocytes, fat, carbon and a yellow pigment. 
The capillaries were dilated with blood and contained, as did the lymph channels, 
numerous polymorphonuclear leukocytes, which left them and penetrated the walls 
of the alveoli. The bronchi were usually filled with polymorphonuclear leukocytes 
and desquamated bronchial epithelial cells. Their walls, like those of the alveoli, 
were penetrated by numerous polymorphonuclear leukocytes. Around the larger 
bronchi accumulations of histiocytes filled with coal pigment were seen. 
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In all lobes larger bronchopneumonic areas were found, the alveoli and bronchi 
of which were filled with polymorphonuclear leukocytes, erythrocytes and fibrin. 
The centers of these areas were frequently necrotic and contained many gram- 
positive cocci. In the right upper lobe, a foreign body was seen in a bronchus in 
the center of a bronchopneumonic area. 

Many areas, frequently edematous, were found in both lungs (figs. 3 and 4), 
which were partly roundish, partly bifurcated and partly stripe-like in shape. They 
consisted of collagenous connective tissue with thin, longish nuclei. That they 
were intrabronchial was clear from the arrangement of the elastic fibers and from 
the fact that they were sometimes surrounded by smooth muscles. Surrounding 
these areas (or plugs) distinct peribronchial tissue could be seen. They contained 
capillaries filled with blood. Between them and the bronchial walls occasional 


Fig. 4 (case 3).—Lung; van Gieson-elastica; & 140: <A treelike formation is 
seen, consisting of edematous connective tissue, rich in collagenous fibers and poor 
in nuclei. The surrounding alveoli are filled with mononuclear cells and some 
polymorphonuclear leukocytes. The capillaries are rich in polymorphonuclear leu- 
kocytes. 


fissures appeared, the parietal walls as well as the surface of which were covered 


by epithelial cells (fig. 3). 


These three patients with Bright’s disease, dying in the state of 
uremia, exhibited extensive serositis, partly recent, partly quiescent. The 


lungs were edematous and congested. There was also, besides fresh 
pneumonic areas, older extensive obliterative bronchiolitis. In case 1, 
the first attack occurred eight days before death and was followed by a 
second one four days later. Histologically, there were hesides fresh 
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acinous pneumonic areas, extensive plugs, already degenerated, into 
which fibroblasts had penetrated. In case 2, the first attack occurred 
from three to four weeks before death, whereas the terminal attack was 
unnoticed. Histologically, two separate and distinct attacks could, how- 
ever, be identified. Besides fresh acinous pneumonic areas, older plugs 
were found that were nearly entirely replaced by connective tissue. In 
case 3, clinically, terminal confluent bronchopneumonia took place three 
days before death, its presence being demonstrated anatomically. There 
was, besides, extensive old obliterative bronchiolitis which, according to 
the clinical history and the histologic picture, must have developed about 
three months before death. In case 1, since neither clinical nor anatomic 
signs of descending infection were found, bronchiolitis must have begun 
in the terminal bronchi. In cases 2 and 3, descending bronchitis was 
demonstrable clinically as well as anatomically. 


COMMENT 

The demonstration of bronchiolitis obliterans in these cases has sug- 
gested an interest in two questions; first, that of its cause, and second, 
that of its pathogenesis. Why did resorption fail to occur, and why 
instead did the exudate become organized? The first question is easily 
answered in respect to the first two groups mentioned in the introduction, 
the lesion in the first group being due to an infection and that in the 
second to a noninfectious, chemical irritation. In the third group, which 
we shall now present, the cause is more difficult to explain. The occur- 
rence of pneumonic lesions in patients with Bright’s disease is well 
known. They were, in fact, absent only once in our cases. There can 
be little doubt that their frequency is due to a metabolic disturbance, 
characteristic of Bright’s disease, resulting mainly from the tendency to 
edema and congestion. That this is so is recognized by the frequent 
occurrence of fibrinous effusions in the serous cavities of the body. In 
this mechanism, uremia probably is important. Aschoff thought that in 
this disease serositis is toxic and not bacterial in origin, though the pneu- 
monias are caused apparently, at least in part, by infection. Infection is 
at all events responsible for the development of extensive confluent 


pneumonias, when there is distinctly a descending infection, as in case 2, 
as well as in the first attack in case 3. In case 1, however, the possibility 


of a toxic cause deserves consideration, just as in connection with general 
serositis, because of the absence both of descending infection and of 
cocci in the histologic sections. Unfortunately, no bacteriologic exami- 
nation was undertaken in this case. 

The answer to the second question is generally believed to be that 
the exudate which was for some reason not absorbed is responsible for 
the proliferation of connective tissue. Adelheim seems to be the only 
one to take the opposite view, namely, that proliferation is primary and 
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hinders the absorption of the exudate. He based this view on his obser- 
vation that organization took place, in his experience, without the 
occurrence of exudation. This observation has not been confirmed in 
later examinations, nor is there a similar reference in the older literature. 
Lauche held that this view is, furthermore, contrary to experience with 
tissue cultures. In our cases, organization occurred only where coagulated 
exudate was present. 

Why absorption does not take place in the first two groups is not yet 
definitely known. It is generally recognized that severe destruction of 
the walls of the bronchi is present (Hart and Mayer). C. and K. 
Hart and Beitzke, for example, expressed the belief that the destruction 


of lymph vessels results from destruction of the bronchial walls, and that 


the destruction of the lymph vessels is the cause of the failure of 
absorption, but Lauche maintained that the exudate is not transformed 
into a condition fit for absorption. For the latter view we found no 
evidence. The theory of Hart is supported, however, by the occurrence 
of this injury, as well as by the observation that in infectious bronchiolitis 
organization starts so much later than in that caused by chemical 
irritations. In the first group, absorption takes place early in the process 
and ceases only later when the bronchiolar walls are in an advanced 
stage of injury. In the second group, absorption ceases at once because 
of the immediate destruction of the bronchial walls. 

In the third group that now is presented, destruction of the bronchial 
walls has not been found. It is true that in case 2 small infiltrations of 
round cells were found in the walls of the terminal bronchi and around 
the blood vessels, but they were certainly not sufficient to hinder 
absorption. Such lesions are frequently found in pulmonary and 
bronchial inflammations, and yet resolution takes place without the 
occurrence of organization. The most recent case (1) is of special 
interest, for in the bronchial walls only single polymorphonuclear leuko- 
cytes were found. Neither were signs of necrosis seen. It is necessary 
to look, therefore, for another cause of the failure of absorption. As 
has been mentioned, exudation is a common phenomenon in Bright’s 
disease. There is, parallel with its occurrence, very little tendency to 
absorption, as is apparent in the frequency with which organization of 
the exudate in the cavities of the body is encountered. The answer to 
the second question appears, therefore, to be that the cause of the failure 
of absorption in Bright’s disease is the disturbance of metabolism in the 
presence of uremia. 

The problem concerning the origin of the connective tissue cells can- 
not be solved on the basis of the observations now presented. C. and 
K. Hart and probably most authors (Lauche) look on the terminal 
bronchi as the starting points of the organizing prog nebschmann 
and Groll believed, however, that proliferation ta igin in the 
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connective tissue ring at the base of the alveoli and from the walls of the 
alveoli proper. Since the alveolar walls contain relatively few fibroblasts 
(Lang, 1925, 1926), new-formed fibroblasts must be regarded as taking 
(according to Huebschmann and Groll) their origin in alveolar 
epithelium, as Floyd in fact believed, or in septal cells or in undiffer- 
entiated embryonal connective tissue cells. Although this possibility 
must be entertained (Maximow), new collagenous connective tissue is 
formed in the lung nearly exclusively from fibroblasts in the peribronchial 
and perivascular tissue, as Lang (1925, 1926) showed in cultures of 
pulmonary tissue. The present observations are, as those of most authors, 
in accord with this explanation. In many sections it seemed clear that 
the connective tissue originated in the walls of the bronchioli, whereas 
bridges connecting the plugs with the alveolar walls were usually absent. 


SUMMARY 


In the postmortem examination of certain cases of Bright’s disease 
in which uremia was present at the time of death, fresh pneumonic areas 
were observed besides extensive lesions of preexisting obliterative 
bronchiolitis. Cases of obliterative bronchiolitis described hitherto are 
divisible in two groups depending on their etiology and pathogenesis, 
The severe destruction of the bronchial walls seen in them was missing 
in the third group now first described. Absorption of the exudate failed 
in this group because of the disturbance of metabolism which often 
occurs in the uremia of Bright’s disease, and which manifests itself by 
increased tendency to exudation and decreased tendency to absorption. 
In two cases, at least, the occurrence of bronchiolitis was caused by 
bacterial infection. Whether it can arise as the result of intoxication 
alone, as does general serositis, could not be decided. 
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THE ENCEPHALITIS OF DOGS WITH ECK 
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Hahn, Massen, Nencki and Pawlow ' in 1893 described the nervous 
symptoms that occurred in dogs with Eck fistula fed on meat. These 
symptoms consisted of excitement, ataxia, amaurosis and finally coma. 
According to the Russian school, this condition does not develop in all 
dogs with Eck fistula fed on meat, and if it develops, recovery often 
follows. These workers regarded the condition as poisoning due to 
carbamic acid brought about by the direct introduction of the blood from 
the portal vein into the circulation, on exclusion of the liver. 

Bielka von Karltreu was not able to reproduce the symptoms men- 
tioned. Filippi found that not all the dogs with Eck fistula presented 
these symptoms while fed on meat, and that this intoxication also occurs 
with a mixed diet. Of eighteen dogs with Eck fistula fed on meat by 
Rothberger and Winterberg,? just seven became sick and only three 
severely. This proves that some dogs with Eck fistula are susceptible 
to this disease on a one-sided diet of meat, and that others do not react 
to meat feeding. No connection could be detected between the degree 
of meat feeding, the size of the Eck fistula or the development of the 
collateral circulation and the symptoms. The administration of 
ammonium salts to dogs with Eck fistula did not induce poisoning. An 
accurate analysis of symptoms indicated differences between the 


symptoms of dogs with Eck fistula and those due to carbamic acid 


poisoning. 

Matthews and Miller * made Eck fistula in thirty-five dogs. When 
these dogs were given meat, toxic symptoms developed in only 
three. Magnus Alsleben stated that the one-sided nutrition with meat 
facilitates the development of toxic symptoms, but that these are in fact 
due to the inadequate function of the liver. Products of intestinal diges- 


* Submitted for publication, Aug. 13, 1931. 

* From the Pathological Anatomical Institute of the Hungarian Royal Francis 
Joseph University; director, Prof. Joseph Balo. 

1. Hahn; Massen; Nencki, and Pawlow: Arch. f. exper. Path. u. Pharmakol. 
32:161, 1893. 
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3. Matthews and Miller: J. Biol. Chem. 15:87, 1913. 





BALO-KORPASSY—DOGS WITH ECK FISTULA 81 


tion that are either abnormal or increased in quantity induce disease if 


they reach the circulation, evading the liver filter. 

These were the ideas regarding the etiology of the encephalitis of 
dogs with Eck fistula at the time of the publications of Economo on the 
epidemic encephalitis in 1918, which have given new trends to research. 
Fuchs * announced the disease of one Eck fistula-bearing dog as ence- 
phalitis, based on clinical findings. Pollak ° corroborated this diagnosis 


in finding histologically diffuse encephalomyelitis. His dog died six- 
teen days after the production of Eck fistula and five days after the 
Leginning of meat feeding. Fuchs succeeded, with the careful admini- 
stration of guanidine hydrochloride, in producing in cats conditions 
corresponding clinically and histologically to the encephalitis. The 
symptoms of Eck fistula-bearing dogs and cats fed on guanidine were 
similar, namely: fascicular, choreic and clonic convulsions, drowsiness, 
furor, paralysis and finally coma. Fuchs believed that as a result of 
one-sided meat feeding methyl-guanidine and similar substances that 
are strongly toxic reach the circulation, evading the liver. According 
to him, the encephalitis of dogs with Eck fistula is guanidine poison- 
ing. 

Of the Eck fistula-bearing dogs of Kirschbaum,° three died of an 
intercurrent disease. In the brain of the fourth, killed ten days after 
continuous meat feeding, he found, in the absence of any abnormal 
clinical symptoms, an inflammatory condition. He regarded the expla- 
nation offered by Fuchs as unsatisfactory. According to Kirschbaum, 
the Eck fistula causes disturbances in metabolism that make possible 
the invasion of a virus into the nervous system. Silberstein and his col- 
laborators 7 succeeded in producing with an average of five days of meat 
feeding in dogs encephalitis resembling human epidemic encephalitis. 
The encephalitis was transmissible to dogs and rabbits by subdural and 
corneal inoculation of a filtrate of the emulsified brain. These workers 
proved the identity of the virus from their Eck fistula-bearing dogs 
with that of human encephalitis by neutralizing the Eck fistula virus with 
human encephalitic antiserum, and the virus of human encephalitis 
with an antiserum against Eck fistula virus. These authors explained 
the finding that not all the dogs with Eck fistula react with encephalitis 
to the feeding of meat, stating that in the nasopharyngeal cavities in a 
certain percentage of normal dogs a virus ¢an be detected that is sup- 
posed to be identical with the virus of human epidemic encephalitis. 


4. Fuchs: Wien. med. Wehnschr. 71:710, 1921; Arch. f. exper. Path. u. 
Pharmakol. 97:79, 1923. 

5. Pollak: Arb. a. d. neurol. Inst. a. d. Wien. Univ. 23:2, 1922. 

6. Kirschbaum: Ztschr. f. d. ges. Neurol. u. Psychiat. 88:487, 1924. 

7. Silberstein: Wien. klin. Wchnschr. 37:30, 1924. Orel and Silberstein: 
Ztschr. f. d. ges. exper. Med. 44:280, 1925. Hoff and Silberstein: ibid., p. 268. 
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After the Eck fistula has been made in dogs, and after the administration 
of a meat diet, those dogs contract the encephalitis that bear in their 
nasopharyngeal cavities the supposed encephalitic virus. The exclusion 
or the abnormal function of the liver, i.e., disturbances of metabolism, 
bring about the invasion of an ubiquitous saprophytic virus, which in 
this case causes a fatal infection. 

Fischler * found that the meat intoxication of dogs with Eck fistula 
can end fatally with normal histologic observations in the brain. Symp- 
toms of meat intoxication are ataxia, amaurosis and hypesthesia. At the 
beginning, poverty of movements and catalepsy can be observed. 
Gyorgy and Kleinschmidt,’ in feeding dogs with a meat diet free from 
fat and bone, produced an intoxication that was followed by alkalosis 
and an increase of reserve alkali, blood sugar and blood lactic acid. 
These workers inoculated into guinea-pigs, rabbits and dogs brain from 
eight dogs that showed typical meat intoxication, but the inoculated ani- 
mals did not contract encephalitis. Kleinschmidt '° did not believe that 
there is any identity of the meat intoxication of Eck fistula-bearing dogs 
and epidemic encephalitis. 

EXPERIMENTS 

Clinical Observations.—Eck fistula was produced in eighteen dogs. Of these, ten 
died during the operation or shortly afterward. To eight dogs, from seven to 
twenty-five days after their complete recovery, a horse meat diet was given. The 
dogs reacted to the one-sided meat diet differently. One dog (11), which during a 
period of thirty days had not eaten well and had taken little meat, was not affected. 
Another dog (9), to which the meat had been given the earliest, seven days after 
the operation, showed on the fifth day of meat feeding slight nervous symptoms, 
such as ataxia, rotary steps, feebleness and salivation. These symptoms disap- 
peared on the next day and did not appear again. Six dogs became sick, the first 
on the second day and the last on the twentieth day of meat feeding. The symptoms 
were severe in four dogs and ended fatally. Two dogs were killed when they 
presented severe nervous symptoms. Certain dogs showed many similarities in the 
clinical course of the disease; yet the onset of symptoms and their quality varied 
considerably. 

Two dogs (22 and 10) became ill on the second and twentieth days, respectively. 
Their disease was severe and in three days ended fatally. In one dog (22), the 
symptoms progressed gradually, for in this dog, refractory and ataxic at the begin- 
ning, marked hypesthesia and amaurosis developed and on the third day tonic-clonic 
convulsions. These propagated from the extremities to the chewing muscu- 
lature, and opisthotonos developed. The animal died in coma, lasting a few hours 
In another dog (10), severe toriic-clonic convulsions developed, lasting only a few 
hours. Later on a profound coma followed, and the animal died in three days. In 
these two cases, the clinical diagnosis of encephalitis was with the greatest prob- 


ability established. 


8. Fischler: Physiologie und Pathologie der Leber, Berlin, Julius Springer, 
1926. 
9. Gy6rgy and Kleinschmidt: Ztschr. f. d. ges. exper. Med. 54:1, 1927. 


10. Kleinschmidt: Ztschr. f. d. ges. exper. Med. 54:20, 1927. 
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In three dogs (3, 20 and 23), the disease, though presenting as a whole similar 
symptoms, showed different courses. The severe nervous symptoms appeared in 
certain attacks. They disappeared in a few days and after an intermission of from 
eight to fifteen days reappeared. Dog 23 survived two and dog 20 three attacks, 
whereas dog 3 was killed during the third severe attack. All three dogs became ill 
at the beginning of the meat feeding, two on the fourth and one on the fifth day. 
Disinterestedness, poverty of movements, uncertain walk, hypotonia, hypesthesia and 
amaurosis developed. Sometimes they hit the wall with their heads and then 
remained in a bizarre position (catalepsy). To this constant symptom complex, in 
some cases, choreiform or clonic movements of moderate intensity or attacks of 
convulsions were joined (dogs 3 and 23). This condition lasted for from one to 
three days and was accompanied by a loss of appetite and fasting, which was fol- 
lowed by recovery. The dogs having recovered and having taken the meat again, 
after a period of from seven to fifteen days became ill again. Dogs 20 and 23 
showed in the final stage of the disease certain differences. Whereas the former 
presented apathy, hyperesthesia, exaggerated reflexes, hypotonia, some fibrillary 
twitchings and salivation and finally died after a soporous condition lasting two 
days, in the latter, even on the last day of life, great excitement, compulsory move- 
ments, circus movements, rotary movements to the right around its axis were 
observed, with death following while the animal was in deep coma. In these three 
dogs, the periodic undulation of symptoms pointed to a toxic condition depending on 
meat feeding, but the diagnosis of encephalitis could not be denied. 

Encephalitis was taken into consideration in the case of dog 7. This animal 
became ill on the fourteenth day of meat feeding, with tonic-clonic convulsions of 
great intensity. It was killed six hours after the onset of convulsions. 

The nonprotein nitrogen in the diseased dogs was determined in several instances 
and found to be very high. In dog 10, before death, it was found to be as high as 
145 mg. per hundred cubic centimeters. 

Postmortem Observations.——The fistula between the portal vein and the vena 
cava was always found to be patent (from 16 to 10 to 5 mm. in length). The 
ligature of the portal vein made as a routine above the pancreaticoduodenal vein 
held well. The urinary bladder in all six dogs was distended, sometimes reaching 
above the umbilicus (1, 10 and 20). Hemorrhagic erosions and ulcers arising from 
hemorrhages were found in the stomach in two dogs (20 and 22) and gastric 
hemorrhages in one (23). Pancreatic fat necrosis occurred in one dog (20). 
Usually the brain was somewhat edematous. Other than these, the postmortem 
observations were negative; only the liver presented in all cases marked fatty 
degeneration. 

Histologic Observations in the Brain.—The brains of all the experimental dogs 
were subjected to histologic examination. The brains from the dogs that died dur- 
ing or shortly after operation served as controls. The brains of six dogs that 
became ill after meat feeding were examined in detail. In making the histologic 
examination, we wanted to find out whether alterations corresponding to an inflam- 
matory process, i.e., encephalitis, are present in the brains of dogs with Eck fistula 
whether fed on meat or not. Of six dogs, three (3, 7 and 23) showed no inflam- 
matory alterations in the brain. Whereas the brains of dogs 3 and 23 did not con- 
tain histologic changes, that of dog 7 revealed the marked congestion of the 
meninges corresponding to the early stage of encephalitis. In the brains of three 
other dogs (10, 20 and 22) without any doubt inflammatory alterations were found, 
although these varied somewhat in nature. The process was localized to the corpus 
striatum. 
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In dog 10, the blood vessels oi the meninges were congested. In the cerebral 
cortex and also throughout the central nervous system hyperemia and some capillary 
hemorrhages occurred. Alterations were found in the head of the caudate nucleus 
just below the ependyma. The ependyma was thickened and hyperemic, and its cells 
were increased in number. In the striated bodies beneath the ependyma, the pre- 
capillaries were surrounded by cells (fig. 1). The cells were partly round, uni- 
nucleated, the majority elongated, spindle-shaped, corresponding to lymphocytes 
and adventitial cells (fig. 2). The cells occupying the perivascular lymphatic 
spaces were often arranged in three or four layers, but sometimes they were only 
in one row. The process was limited to the head of the caudate nucleus. 

The brain of dog 20 showed diffuse hyperemia. There were marked alterations 
in the head of the caudate nucleus below the ependyma of the lateral ventricles. 
Here the capillaries and the precapillaries were surrounded by cells that followed 
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Fig. 1.—Perivascular cell accumulations below the ependyma covering the head 
of the caudate nucleus (seen with the low power lens in dog 10). 


them in a mantle-shaped manner. The perivascular infiltration was caused by the 
accumulation of mononuclear cells, such as lymphocytes and plasma cells (fig. 3). 
In some places oligodendroglia and microglia cells were also increased in number, 
but these presented degenerative alterations. The endothelial cells of capillaries 
were very much swollen, filling the lumens almost entirely. In other parts of the 
brain no pathologic alterations were found. 

In this case, as well as in the former one, the pathologic manifestations of 
encephalitis were found. The process was limited to the head of the striated 
bodies ; thus we had to deal with a toxin that had an elective affinity to the striated 
bodies. : 

The brain of dog 22 differed somewhat from the brains of dogs 10 and 20. The 
leptomeninges, as well as all parts of the brain, were congested. In the larger blood 
vessels, intravascular accumulation of leukocytes was observed. In the lepto- 
meninges, a diffuse increase in the number of cells was noted, without perivascular 
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Fig. 2—A perivascular cell accumulation composed mostly of adventitial cells 
(seen with the high power lens in dog 10). 


Fig. 3—A perivascular round cell infiltration in the head of the caudate nucleus 
(seen with the high power lens in dog 20). 
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accumulation. At most, cells possessing very little cytoplasm with deeply stained 
nuclei and large cells of light protoplasm were found. Monocytes, plasma cells and 
macrophages were also increased in number. In some places, these cells entered 
the cerebral cortex from the meninges. In the cerebral cortex, as well as in other 
parts of the brain, besides marked congestion, slight perivascular infiltration 
occurred. The infiltrate was formed in some places by only a few mononuclear cells. 
The histologic diagnosis was disseminated meningo-encephalitis. 

The Question of Transmissibility—In three of six dogs that became ill in our 
experiments, we found histologic alterations corresponding to encephalitis. This 
could be interpreted in two ways. Either the meat poisoning itself caused the 
encephalitis, or the meat poisoning and the exclusion of the liver activated a virus 
that brought about encephalitis. The brain of three of our encephalitic dogs was 
inoculated intracerebrally into dogs and rabbits. With the fresh brain material of 
dog 10 we inoculated one dog. With the emulsion of the brain of the same dog 
kept seventy-two days in 50 per cent glycerin we inoculated two dogs and two 
rabbits. Intracerebral, subdural and intraspinal inoculations into dogs and rabbits 
were carried out with the brain material of dogs 20 and 22, which had been kept in 
50 per cent glycerin for forty-four and twenty days, respectively. The inoculated 
dogs and rabbits did not contract encephalitis in a single case. The dogs died as a 
rule in from three to four weeks after inoculation, but as we reported previously, 
the cause of death was gastric hemorrhage due to erosions and ulcers following 
lesions of the brain. No histologic alterations could be detected in the brains of 
the inoculated dogs. Cell inclusions were also absent. 


SUMMARY 

Six of eight dogs with Eck fistula, fed on a one-sided diet of meat, 
became ill, presenting symptoms of encephalitis. We were unable to 
transmit the encephalitis to dogs; that is, the intracerebral inoculation 
of brain material led to fatal gastric hemorrhages arising from erosions 
and ulcers caused by minimal lesions of the brain during intracerebral 
inoculation. No histologic evidence of encephalitis was found in these 
dogs or in the rabbits inoculated. On the basis of these investigations, 
there is no evidence that the encephalitis of dogs with Eck fistula 
is caused by a living micro-organism or by a virus. We regard the 
encephalitis occurring with the one-sided meat diet and intoxication as 
due to the exclusion of the liver. The intoxication may follow a periodic 
course. The intoxicated dog does not eat; following fasting, the toxic 
symptoms disappear, but they reappear after the dog begins to eat meat 
again. An intoxication of mild degree does not necessarily bring about 
histologic alterations in the brain. Such alterations usually follow the 
attacks of encephalitis appearing at intervals. Fatal intoxication causes 
alterations in the brain corresponding to nonsuppurative encephalitis, 
which are localized in the caudate nucleus. The localization of the 
encephalitis of dogs with Eck fistula in the striated bodies again proves 
the relationship of abnormal liver function to the brain. The finding first 
pointed out in these experiments that the encephalitis of dogs with Eck 
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fistula is localized electively in the striated bodies brings a new prospect 
for the experimental study of the etiology of Wilson’s disease and 


pseut losclerosis. 
CONCLUSIONS 


Six of the eight dogs with Eck fistula that were kept on a meat diet 
crew ill and showed symptoms of encephalitis. In the brains of three 
dogs, histologic alterations corresponding to nonsuppurative encephalitis 


were found. 

The encephalitis of dogs with Eck fistula has a firm histologic 
foundation. It is localized in the striated body. This finding proves 
that the noxious agent has an elective affinity to the striated body. 

The Eck fistula, the meat feeding and the metabolic disorders follow- 
ing them bring about the encephalitis. There is no proof that a virus 
that is in a latent condition in the body of a dog can penetrate into the 
nervous system and cause encephalitis following Eck fistula and 


intoxication due to meat feeding. 





HEMOCHROMATOSIS AND PRIMARY CARCINOMA 
OF THE LIVER 


REPORT OF A CASE, WITH REVIEW OF THE LITERATURE 
AND DISCUSSION OF THE PATHOGENESIS * 
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The concepts of hemochromatosis are numerous and divergent. An 
association of hemochromatosis with carcinoma of the liver is rare, 
although it is believed that this is more common than carcinoma of the 
liver following cirrhosis without hemochromatosis ( Milles, Althausen 
and Kerr). To the present time, fourteen cases of hemochromatosis 
associated with primary carcinoma of the liver have been reported 
(Lohlein, Milles, Althausen and Kerr, Rindfleisch, Donaldson, Stewart, 
Achard and Leblanc, Orr and Hibbs). Critchlow reported a case of 
hemochromatosis associated with primary carcinoma of the pancreas. 
Of the one hundred and sixty-five cases of hemochromatosis that have 
thus far been reported, 9 per cent were associated with primary car- 
cinoma of the liver. 

As all the cases of hemochromatosis presented cirrhosis of the liver, 
a comparison of the incidence of carcinoma of the liver following 
cirrhosis is of interest. In 2,091 consecutive autopsies at the Cook 
County Hospital in the years from 1929 to 1931, there were encountered 
sixty-eight cases of cirrhosis of the liver, or 3.2 per cent. There were 


twelve cases of primary carcinoma of the liver in this group, of which 


seven were associated with cirrhosis; so that 9.3 per cent of the cases 
of cirrhosis of the liver without hemochromatosis were associated with 
carcinoma. 

In a comparison of the statistical results, the incidence of carcinoma 
of the liver following cirrhosis plus hemochromatosis is not greater 
than the incidence following cirrhosis alone. That cirrhosis of the liver 
predisposes to carcinoma is universally accepted (Counseller and 
McIndoe, Goldzieher and von Bokay, Eggel, Oertel, Goodpasture, Jaffe, 
Rolleston ). 

The case reported here is one of hemochromatosis in association 
with primary carcinoma of the liver. The histologic picture suggests 


the pathogenesis of hemochromatosis. 


* Submitted for publication, June 1, 1931. 
*From the Department of Pathology, Cook County Hospital; Dr. Richard H. 


Jaffé, director. 
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REPORT OF CASE 


History—Ilt was difficult to obtain a history from the patient, as he was deaf, 
so that each question had to be put to him in writing. He was a white man, 69 
years of age, who in the last year had not been feeling well. He first noted 
swelling of the ankles, and then of the abdomen. The swelling of the latter was 
associated with pain and shortness of breath. He consulted the doctor, who noted 
an enlarged liver that was nodular. Gradually his abdomen became filled with 
fluid so that paracentesis was necessary, and a large amount of blood-tinted fluid 


was removed. Carcinoma of the liver was diagnosed and the patient was 


hospitalized. 
On admission to the hospital, the patient complained of a dull aching in the 


umbilical region which was almost continuous, unless he was reclining, and of 
griping pains in the right upper quadrant that came on at one-half to one hour 
intervals and lasted for short periods. His appetite was fair, but he had lost a 


little weight. 


Physical Examination.—The patient was emaciated and icteric, and appeared 


subacutely ill. There were two sebaceous cysts in the scalp. He was blind in 
the right eye because of a dense corneal opacity; the vision of the left eye was 
fair. He was completely deaf. 

The chest was emphysematous, and there were a few moist rales in both bases. 
The heart was normal, but the radial vessels were markedly sclerotic. 

The abdomen was distended, its superficial veins prominent. There was a 
shifting dulness. A serosanguineous discharge from the wound of the infra- 
umbilical paracentesis was noted. The liver was firm and nodular and extended 
to the level of the umbilicus. There was a pitting edema of the lower extremities. 

The icterus index was 13. The urine had a small amount of albumin. The 
Kahn reaction of the blood was negative. 

The clinical diagnosis was carcinoma of the liver, either primary or secondary 
to carcinoma of the gallbladder or of the stomach, with carcinomatous metastases 
in the peritoneum to account for the bloody ascites. 

During his short stay in the hospital the patient complained of continual pain 
in the abdomen, and on the day of his death suddenly became cold and clammy, 
with a weak, thready, rapid pulse. Restlessness was marked, and the patient died 
with definite signs of air hunger. 

Postmortem Examination (Dr. R. H. Jaffé).—The weight of the body was 
125 pounds (56.7 Kg.); the length, 160 cm. It was that of a poorly nourished 
white man, aged 69. The skin was light dirty-yellow gray. The sclerae were 
slightly icteric. 

The abdomen was distended to two fingerbreadths above the level of the chest. 
There was marked pitting edema of the lower extremities. The abdominal cavity 
contained 5,000 cc. of a thin, blood-tinted fluid. The liver was 11 cm. below the 
xiphoid process and 6 cm. below the right costal arch. 

The pleural cavities were free from fluid or adhesions. The heart weighed 290 
Gm. The left ventricle measured 16 mm. and the right ventricle 3 mm. The 
myocardium was pale, brownish-gray and friable; the chambers were dilated. In 
the posterior portions of the left lung there were dark areas of consolidation. 

The spleen weighed 415 Gm. and was soft. The capsule was light gray, with 
numerous yellowish-white, firm plaques measuring up to 8 mm in diameter. The 
pulp in the periphery was deep purple, while in the central. portions it was lighter 
a purplish gray; the trabeculae were prominent. 
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The liver weighed 2,400 Gm. and measured 30 by 20 by 13 cm. The surface 
was deep brown, with numerous pinhead-sized, lighter gray-brown nodules and 
larger depressions, especially near the lower margin and on the inferior aspects 
of both lobes. In addition to these fine nodules, the left lobe contained many 
larger and softer ones, which were light purplish-pink and varied from 1 to 20 
mm, in diameter. The larger nodes were raised as high as 16 mm. Arising from 
the lower third of the falciform ligament, there was a fist-sized, soft, roughly 
spherical tumor, which extended into the parenchyma of the liver. This node, to 
which the transverse colon was loosely attached, measured 10 cm. in vertical, 
20 cm. in transverse, and 8.5 cm. in anteroposterior, diameter. The liver was of 
firm consistency, and the sectioned surface was deep brown, with a branched 
network of grayish-white lines, radiating from the portobiliary septums, that 
divided the liver into small islands of tissue, averaging 2 mm. in diameter. A 
coronal section of the falciform ligament revealed the lowermost portion of the 
liver to be substituted by a moderately firm mass, 6.5 cm. in anteroposterior, and 
4.5 cm. in vertical, diameter. The mass was light pinkish gray, studded with 
light yellowish gray and pinkish red, passing into the softer mass of the falciform 
ligament. The portal vein and its main branches were occluded by soft, friable, 
light yellowish-gray tissue. The smaller nodules of the left lobe on being sec- 
tioned were light yellowish gray. The larger node in the falciform ligament was 
covered by soft, dark red blood clots, which protruded from an irregular tear on 
the left side. The soft tumor in the falciform ligament was light gray and 
centrally liquefied. 

The gallbladder was distended and filled with a thin, light green bile. The 
mucosa was light green and smooth. The extrahepatic bile ducts were patent. 

The pancreas weighed 185 Gm. and measured 24 by 4 by 3 cm. It was firm 
and, on being sectioned, showed prominent light brown lobules. The lobules were 
separated by an increased amount of fat. 

The mucosa of the cecum was dark purplish red. The mucosa of the ileum 
was pale pink, with small bright red areas, and was covered by an increased 
amount of mucus. The entire wall was thickened and edematous. The descending 
colon presented numerous outpouchings of the wall, which were as much as 1 cm. 
deep and 1.5 cm. in diameter and lined by a smooth mucosa. 

The peripancreatic lymph glands were soft, measured as an average 25 by 10 
by 5 mm., and on being sectioned appeared a homogeneous dark brown. The 
lymph glands at the hilus of the liver and about the abdominal aorta resembled 
the peripancreatic nodes. 

The bone marrow was moderately firm and light purplish gray. 


Microscopic Examination.—The hepatic structure was broken up into irregular 
islands of parenchyma, separated by broad strands of connective tissue. These 
strands, which radiated from the portobiliary septums, did not break into the 
islands. They contained branched tubuli, as well as solid cords of cells and a 
moderate number of blood vessels. In addition to these narrow tubuli, angioma- 
like areas were found, which were composed of dilated tubuli lined by a very low 
epithelium and filled by clusters of golden brown, inspissated bile. There were 
numerous branched or flat and elongated cells, filled by irregular, coarsely granular, 
deep brown pigment that gave the iron reaction. Round cells of the lymphocytic 
type and mast cells were also abundant. 

The cells toward the periphery of the lobule were small, had shrunken nuclei 
and were packed with a uniformly granular, light brown pigment. In some 
instances the nucleus was obscured by the pigment. In the center of the lobule, 
the cells were larger and had more cytoplasm and larger and more vesicular nuclei. 
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Here, too, a uniform light brown, granular pigment was present in most instances, 
but less in amount, decreasing as the center of the lobule was approached; in some 
lobules, the central portion was entirely free from pigment. 

In the cells with scanty pigment, this was found toward the periphery of the 
cell. while a lighter brown pigment could be discerned around the nucleus. The 


at 


Fig. 1.—A nodule of a cirrhotic liver, showing deposits of iron in the cells 
of the periphery; iron stain, 


peripheral pigment gave the reaction for iron, while that about the nucleus did 
not. In the lobules in which all of the hepatic cells were shrunken, iron pigment 
was present in large quantities throughout. It appeared, then, that the more 
degenerated the cell, the more iron pigment it contained. 

The Kupffer cells also varied in their content of pigment. Those in the center 
of the lobule, in many instances, were free from pigment, while those toward 
the periphery were saturated with it. Where the hepatic: cells contained small 
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quantities of pigment, the Kupffer cells contained none or a very small amount, 
but where the hepatic cells contained enormous quantities, the Kupffer cells did 
also. This was especially true in places where it appeared as if the hepatic cells 
had been entirely replaced by iron pigment and had lost their cell membranes. 
The endothelium of the larger veins contained iron pigment. 
With Giemsa’s stain, in addition to the iron pigment, there was another type 
of pigment which formed coarse granules, did not give the iron reaction and 


Note the 


Fig. 2—A higher magnification of the central portion of figure 1. 
The letter a shows liver cells 


decrease in iron toward the center of the lobule. 
filled with iron, while the Kupffer cells are free from it; iron stain. 


showed a distinct affinity to the methylene blue. In the hepatic cells this pigment 
was scanty and restricted to single cells in the periphery of the aforementioned 
islands of parenchyma and adjacent to the septums. This pigment was located 
about the nuclei. In the septums the pigment was located in cells that were quite 
large and had thick branches. These cells were wedged in between the connective 
tissue bundles, and were most numerous in the adventitia of the smaller arteries. 
The pigment was also present in the muscle fibers of the media of the smaller 


arteries, either alone or with iron pigment. 
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Fig. 3.—A perihepatic lymph gland. The sinuses are filled by huge histiocytes 


containing iron; iron stain. 
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In the epithelium of the bile ducts no pigment could be detected. 

The tumor was divided by deep fibrous bands into alveoli of polygonal cells 
with ample, finely granular cytoplasm containing numerous fat droplets and large 
irregularly shaped nuclei. The nuclei had a moderate amount of chromatin and 
occasionally oxyphilic nucleoli. In places the tumor showed marked regressive 
changes, and in places was being transformed into structureless masses. The 


Fig. 4—Hepatocellular carcinoma. The letter a indicates a small island of 
hyperplastic liver cells; b, hepatocellular carcinoma; c, a bile duct. This section 
shows clearly the transformation of hyperplastic liver cells into carcinomatous 
ones. Note the similarity of figures 1 and 4. 


portal vein was invaded and filled by tumor cells. No pigment was noted in the 
carcinomatous cells, although iron pigment was noted in elongated cells of the 


septums. 
The lobules of the pancreas were separated by an increased amount of fat 
tissue, and groups of fat cells could also be found inside the lobules. There 
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seemed to be a slight increase of the intralobular stroma, so that the acini were 
more sharply separated from one another than normally. The glandular cells 
contained a moderate amount of iron pigment, which was found in the cytoplasm 
near the lumen of the acinus. The acinar structure was fairly well preserved. 

The islands were large and numerous; their cells, too, contained iron, although 
some of the cells were free from it. The stroma of the islands was not increased. 
Numerous iron pigment carrying cells were found in the interlobular stroma and 
about the blood vessels. These cells were either oval or spindle shaped. Another 
type of cell, elongated with blunt processes, contained light grayish-brown granules 
that did not give the reaction for iron. When located in the adventitia of the 
blood vessels or in the walls of the ducts, these cells were rather large. The 
endothelium of the blood vessels contained no iron. 

In the peripancreatic lymph nodes, the interfollicular cords contained an 
enormous number of iron-filled cells, which formed broad septums, widely separat- 
ing the follicles. Similar cells had accumulated in the center of the follicles, and 
by fusion of the centrofollicular and perifollicular deposits of iron, the follicles 
were finally broken up into small islands of lymphocytes. In these islands, too, 
the reticular cells contained fine iron granules extending into the finest branches, 
and one could see that the free iron-containing cells broke loose from the “iron- 
reticulum.” The sinuses were inconspicuous. 

In addition to the iron-containing cells and small and large lymphocytes, there 
were many mast cells and plasma cells. The latter took up iron granules, but 
under the influence of the stored metal seemed to undergo regressive changes. The 
cytoplasm lost its deep basophilic coloration and assumed a light pink color. 
The nucleus shrank, and the characteristic chromatin granules became separated 
from one another. There were free fuchsinophilic bodies and single neutrophilic 
granulocytes. 

The capsule and the trabeculae were thickened and contained iron-laden cells, 
as well as large oval or elongated cells filled with grayish-brown granules that 
did not give the reaction for iron, but showed a marked affinity to the methylene 
blue of the Giemsa solution. The collagenous fibers stained a diffuse blue after 
Perl’s method. 

The changes in the peribiliary nodes were similar. Some of the iron-containing 
cells also contained erythrocytes. In one place there were coarse, branched and 
segmented trabeculae of a highly refractive iron pigment to which occasionally 
were attached foreign body giant cells. Some of the giant cells contained iron 
pigment. 

In the tracheobronchial nodes there was much iron pigment, although distinctly 
less than in the abdominal nodes. The sinuses were discernible, and the reticular 
structure of the endothelial cells was prominent. They, too, contained iron, but 
much less than did the reticular cells of the lymphatic tissue proper. 

The relation between coal pigment and iron pigment was as follows: Usually 
there were separate nests of siderocytes and anthracophores, but occasionally both 
pigments occurred in the same cells. 

In the spleen, the sinuses and cords were well separated from each other. The 
sinuses were of medium width; their lining was flat and contained, occasionally, 
fine iron granules. In the lumen were mononuclear cells with an ample cytoplasm 
and fine iron granules, usually near the nucleus. In the cords the reticular fibers 
were thickened. The meshes of the reticulum were filled with erythrocytes, espe- 
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cially surrounding the follicles. There were many neutrophilic myelocytes and 
leukocytes. Small groups of normoblasts, single plasma cells and a few mast 
cells were present. The reticulum cells, sessile as well as mobilized, contained a 
moderate number of iron granules, but the majority of the cells were free from 
iron. Iron stains, however, revealed a heavy incrustation of iron on the con- 
nective tissue fibers of some of the trabeculae and on the elastic coats of the 
arteries. There were many cells filled with iron granules or with a light brown 
pigment that stained light blue in Giemsa preparations, but did not give the reac- 
tion for iron. The cells with the latter type of pigment were larger than the 
siderocytes. 

The follicles were composed of small lymphocytes. In the outer zone there 
were larger lymphoid cells, and between these cells there were single neutro- 
philic leukocytes and myelocytes. Scattered about were numerous bone marrow 
giant cells. 

In the reticulum cells of the bone marrow there were single pale erythrocytes 
and relatively few iron granules. The islands of blood formation separated by fat 
tissue were in the relation of 1:4. The differential count of the active islands 
(by Dr. Jaffé) was: myeloblasts, from 6 to 8 per cent; neutrophilic myelocytes, 
19.2 per cent; mature neutrophils, 4.6 per cent; eosinophilic myelocytes, 28 per 
cent; mature eosinophils, 6.2 per cent; erythrogonia, 3.4 per cent; erythroblasts, 
2.8 per cent; normoblasts, 17.2 per cent; megakaryocytes, 0.2 per cent; plasma 
cells, 3.8 per cent. 

The myocardium showed much pigment accumulated about the nuclei of the 
muscle fibers. This pigment was light brown and showed an affinity to the stain 
sudan III, but did not give the reaction for iron. However, more distal from the 
nuclei were darker brown pigment granules, which in the Perl-stained sections 
appeared light blue. In the capillaries of the stroma there were occasional iron- 
carrying histiocytes. There was no pigmentation of the capillary endothelium 
with iron. The cross-striations of the muscle fibers were fairly well preserved. 
The intima of the medium-sized arteries was thickened, but free from fat. 

In the lung, the alveolar spaces and the alveolar septums contained a moderate 
number of cells filled with iron and carbon granules. There were a few cells, also, 
that contained only the iron granules. Anthracophores, free from iron, were more 
numerous. The alveoli were dilated, and the small bronchi often showed epithelial 
metaplasia. There was no pigment in the bronchial epithelium. 

In the mucosa of the colon there were many round and oval cells that were 
filled by rather coarse, yellowish-brown pigment granules that did not give the 
reaction for iron. In addition to the pigment cells, there were many plasma cells. 
The muscle fibers of the muscularis propria did not contain pigment. 

In the skin the melanin content of the basal cells was not markedly increased. 
In the cutis were small perivascular round cell infiltrations, many plasma cells and 
single large cells filled with brownish iron-free pigment, which could be differen- 
tiated from the melanin. 

In the muscle fibers of the submucosal part of the wall of the gallbladder were 
numerous light grayish-brown pigment granules. 

The suprarenal glands, kidneys, prostate and aorta contained no abnormal pig- 
mentation. 


Anatomic Diagnosis—The anatomic diagnosis was: hepatocellular carcinoma 
of the liver in the region of the falciform ligament, with spontaneous rupture and 
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extensive hemorrhage into the abdominal cavity; tumor thrombosis of the portal 
vein and metastases to the left lobe of the liver; hemochromatosis with deep 
pigmentation and cirrhotic changes of the liver and the pancreas, and deep pigmen- 
tation of the periaortic, peribiliary and peripancreatic lymph nodes ; light yellowish- 
brown discoloration of the skin, especially of the face; chronic swelling of the 
spleen with anemia; marked ascites; hypostatic pneumonia of the left lung, and 
catarrhal colitis with pseudodiverticula. 


SUMMARY OF STRUCTURAL "CHANGES 

The most advanced changes were in the liver, which was similar to 
that found in periportal cirrhosis. The irregular lobules had lost their 
normal cellular arrangement, with displacement of the central vein 
and atrophy and degeneration of the cells toward the periphery of the 
lobule. The amount of iron pigment in a given cell depended largely 
on the state of the cell; i. e., the more degenerate the cell the more 
pigment it contained. Thus the most pigment was found in the cells 
of the periphery of the lobule. At times, oversaturation with iron 
caused a dissolution of these celis, with liberation of the pigment. 
It was in these areas that the Kupffer cells and the histiocytes of the 
periportal areas were most abundant in iron pigment. 

The regeneration of the biliary tubuli and hepatic cells was marked, 
and in the left lobe a malignant transformation of the hepatic cells had 
taken place. The tumor was subdivided into irregular lobules similar 
to the nonmalignant portion of the liver. In many instances, the tumor 
had broken into the portal vein and this was probably the source of the 
hemorrhage. 

The regenerating cells, as well as the tumor cells, were free 
from iron. 

The other pigment-containing organs were for the greater part 
near the liver; the farther remote, the slighter the changes. Thus the 
perihepatic and the peripancreatic lymph nodes contained huge amounts 
of iron pigment, the pancreas less iron and the spleen the least. It 
was of interest to follow the course of the pigment to the peritracheal 
glands and finally in the myocardium. 

The second type of pigment, the so-called hemofuscin, was found 
sparingly in the cells of the periphery of the hepatic lobules, in large, 
elongated cells of the portobiliary septums, in the pancreas, in the spleen, 
in the myocardium, in the skin and in the chronically inflamed colon and 
gallbladder. Except in the colon, gallbladder and skin, this light brown 
pigment was found in association with iron. 

As an incidental finding, the storage of iron by the plasma cells 
in the periportal lymph glands was associated with marked regressive 
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changes in these cells. The storage of iron is foreign to them, but as 
the lymph nodes were oversaturated with the pigment, all elements 
contained it. 


IRON METABOLISM IN RELATION TO HEMOCHROMATOSIS 


Before one can delve into the pathogenesis of hemochromatosis. 
some of the newer concepts and the experimental data concerning iron, 
copper and zinc metabolism must be briefly presented. 

Starkenstein showed that, normally, ferrous iron is absorbed in 
the stomach and duodenum, oxidized in the blood to ferric iron and 
reduced in the liver to ferrous iron, where it enters into the formation 
of hemoglobin or is excreted. The endogenous iron derived from tissue 
catabolism and from hemoglobin is stored in the spleen (Schmidt). 
The excretion of iron takes place largely by way of the intestine and 
to a small extent by way of the kidneys. 

Schultze verified Starkenstein’s observations by showing that in rats, 
normally, the liver contains 13 per cent ferric iron and 86.7 per cent 
ferrous iron, while the spleen contains 44 per cent ferrous iron and 
66 per cent ferric iron. 

Intravenously injected colloid and molecular aspersion of iron has a 
great affinity for the Kupffer cells of the liver (Eppinger, Wegener, 
Jaffé). The liver cells, too, take up the iron when large amounts are 
injected (Eppinger, Wegener). The injected iron acts as a vital stain, 
but cannot be considered as duplicating the normal mechanism of iron 
metabolism. It does simulate, however, the liberated iron in hemolytic 
anemias and hemosiderosis from other causes (Rossle, Hauser, Rous 
and Oliver, Wegener). 

In hemochromatosis, as shown by Rossle, the process is reversed, 
and as described in the case reported here, the liver cells in the center 
of the lobule contain iron, while the Kupffer cells do not. This would 
indicate that the iron first appears within the liver cells, and that only 
after saturation or dissolution of these cells do the Kupffer cells take 
up the pigment. 

The mechanism by which the hepatic cells obtain the iron, as sug- 
gested by Rossle and later modified by Eppinger, could not be verified 
by me or by other investigators writing on the subject. Réssle noted 
in a pigmented liver the destruction of red blood corpuscles by the liver 
cells proper, and Eppinger explained this phenomenon by a hypo- 
function of the Kupffer cells that allowed the red cells to break through 
their barrier. However, the absence of anemia in hemochromatosis 
has been repeatedly shown (Elmer, Parker, Eppinger). An active 
bone marrow or an increase in the bilirubin of the bile or in the uro- 
bilin of the feces has not been demonstrated (Althausen and Kerr). 
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The iron, then, is not derived from the hemoglobin, for when it 
is considered that there is from twenty to one hundred times as much 
iron in the body in hemochromatosis (Wegener, Howard and Stevens, 
Muir and Dunn) as is found normally, one would expect a severe 
anemia or a hyperactive bone marrow to supplement the marked 
destruction of blood. 

The source of the iron has been a matter of much dispute. Garrod 
found that in a case of hemochromatosis there was a complete 
retention of food iron (normally 11 mg. per day), as he was unable 
to recover iron from the feces, urine or bile. Howard and Stevens 
found only a slight retention of iron and reported only 2.5 mg. retained 
over a period of five days. What probably occurs is that there is a 
variation in the retention and excretion of iron, similar to that in 
nitrogenous retention in the exacerbations and remissions of nephritis. 
With a calculated mean of 6 mg. per day of iron retained, it would 
take from eight to twelve years for the disease to develop. This is 
compatible with the reports of cases known to have been cases of hemo- 
chromatosis. Further investigations along these lines are essential. 

Whether endogenous iron plays a rdéle is doubtful because of the 
absence of anemia and because, as Schmidt has shown, iron derived 
from the catabolism of tissue and from hemoglobin is mainly stored in 
the spleen. 

The question then arises: At what station in the metabolism of food 
iron are abnormal manifestations evident? Chemical determinations 
have shown that in hemochromatosis the iron of the blood is slightly 
decreased (48 mg., according to Garrod, and 45 mg., according to 
Howard and Stevens, as compared with a normal of 54.5 mg., according 
to Fowell). The fault must lie with the liver, in its failure to excrete 
the iron. This hypofunction is probably the result of an inability to 
reduce ferric to ferrous iron, which is the only form in which the body 
can utilize it. 

I suggest that if at operation hemochromatosis is diagnosed, a speci- 
men of the liver be taken for a determination of the ferrous and ferric 
iron contents, as after death the ferrous iron is gradually oxidized to 
ferric iron (Schultze). 

The fact that zinc, which is more difficult to excrete than iron, is 
not retained in the liver can perhaps be explained by the fact that the 
necessity for reduction of the zinc before its excretion has not been 


demonstrated. 


COPPER METABOLISM IN RELATION TO HEMOCHROMATOSIS 


Since Mallory suggested chronic copper poisoning as a possible 
source of hemochromatosis and believed that he had produced this 
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condition in rabbits and monkeys by feeding them copper salts, much 
interest has been aroused regarding the réle of copper. 

Normally, the amount of copper in the liver varies considerably. 
Schonheimer and Oshima reported as normal from 1.3 to 3.9 mg. 
Herkel, from 6.5 to 36.1 mg., and Kleinmann, from 22.7 to 48.7 mg. 
(men). Schonheimer reported from 9.86 to 63.2 mg. of copper in the 
liver in hemochromatosis, and Herkel, from 42 to 384 mg. However, 
Kleinmann showed that in still-born infants and in infants up to 3 days 
old the amount of copper in the liver varies from 324 to 516 mg. The 
amount decreases rapidly, so that in children from 13 weeks to 2 years 
old, there is only from 12 to 24.4 mg. of copper. Cirrhosis or hemo- 
chromatosis of the liver was not evident in any of his cases. Herkel 
found that in pregnancy, also, the amount of copper is doubled (from 
13 to 72 mg.), while in nonpigmented cirrhosis the amount of copper 
can vary from 67.6 to 379 mg. 

These results and the inability of the majority of investigators to 
produce hemochromatosis by the feeding or by the injection of large 
quantities of copper (Polson, Flinn and Von Glahn, Wegelin, Herkel, 
Lubarsch) fail to verify the conclusions of Mallory, and discount the 
role of copper in the formation of hemochromatosis. 

How can one explain the increase of copper in hemochromatosis? 
McHargue reasons that with the growth of an animal or man copper 
is increased, yet in tumor of the liver there is a decrease in the amount 
of copper in the tumor proper (Keith and McNair). In our material 
the copper content of the primary tumor of the liver was not elevated 
(15 mg.), while the amount of copper in the nonmalignant portion was 
increased (80 mg.).? Thus one cannot conclude that the regeneration of 
hepatic tissue is responsible for the increase in copper. 

Hart, Steenbock, Waddell and Elvehjem proved that in rats iron 
alone will not relieve anemia, but must be associated with copper. 
The latter, however, does not enter into the formation of hemoglobin, 
as hemoglobin is free from copper. The copper merely acts as a cata- 
lytic agent as in the production of the noniron-containing chlorophyll 
molecule. 

Can one deduce from the aforementioned experimental data that, 
because copper and iron are both necessary to the formation of hemo- 
globin, the iron in the body may have a definite affinity for the copper’ 
If so, the increase in the copper of the liver in hemochromatosis can be 
explained by the corresponding increase in the iron. The large amounts 
of copper in still-born and new-born infants would be explained by the 
active erythropoiesis in the former and the increased destruction of 


1. The copper determinations were carried out in the laboratory of Dr. 
Rudolph Schoenheimer, Freiburg, Germany. All values are for 1000 Gm. of liver 
tissue. 
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blood in the latter. In pregnancy, the increase in copper may be derived 
from the fetus. In simple cirrhosis without hemochromatosis, the 
increase in copper is due to a corresponding increase in the iron. 

The relationship between copper and hemochromatosis is therefore 
only secondary, being dependent on the iron content of the liver. 


HEMOFUSCIN AND HEMOCHROMATOSIS 


The origin of hemofuscin, the second type of pigment found in 
hemochromatosis, is more obscure than that of hemosiderin. It is gen- 
erally accepted that hemofuscin is not an iron-free blood pigment, i. e., 
hematoidin. Many authors, however, feel that it is an intermediate 
product between hemoglobin and hemosiderin (Mallory, Parker and 
Nye, Eppinger, Wegener, Hueck), and Muir and Dunn reported that 
if hot hydrochloric acid is used, instead of cold hydrochloric acid, in 
the Perl reaction for iron, the hemofuscin takes a blue color similar 
to that of hemosiderin. However, it must be borne in mind that with 
the use of hot hydrochloric acid the cells may be so injured as to 
liberate the combined iron that normally does not give the reaction for 
iron (Wells). Furthermore, as has been stated, anemia or active pro- 
liferation of the bone marrow is uncommon with hemochromatosis, 
and hemolysis of the red blood cells has not been shown (Funk and 
St. Clair). 

Because hemofuscin is found rather diffusely and not necessarily 
associated with hemosiderin, it is more likely that the former is the 
result of an irritation of the cell produced by the same toxin that is 
responsible for hemochromatosis. 

In the case reported, hemofuscin alone was found in the skin and 
musculature of the gallbladder and in the intestines, while in the other 
organs it was associated with hemosiderin. The concept that hemo- 
siderin is always present in the skin in hemochromatosis is erroneous, 
and although, when present, it is fairly diagnostic, its absence does not 
exclude hemochromatosis. More commonly hemofuscin is found alone 
(Rolleston). 

PATHOGENESIS 

The isolation of the causative agent in hemochromatosis is not 
within the scope of the pathologist, but the pathogenesis may be 
determined by him, as much can be learned from histologic studies. 

The underlying physiologic abnormality is probably the inability of 
the hepatic celis to reduce ferric iron to ferrous iron, the only form in 
which iron can be utilized by the body. 

A possible mechanism by which this was brought about in the case 
reported was as follows: The low grade chronic infection in the colon, 
decreased the bactericidal and detoxifying powers of the intestinal mucosa 
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and allowed various toxins and even bacteria to enter the portal cir- 
culation. The hepatic cells in the periphery of the lobule were so injured 
as to impair its power of reducing iron, so that the iron accumulated in 
these cells. On saturation of the cells with the pigment, the nuclei 
became shrunken, and finally the cells were destroyed, liberating the 
iron pigment. The Kupffer cells of the liver in these areas and also 
the resting histiocytes of the periportal areas, phagocytosed this iron. 

Toward the center of the lobules, the concentration of the toxin 
was diminished, and thus only slight changes in these cells were 
noted. These cells contained only a small amount of pigment, while 
the corresponding Kupffer cells contained a lesser amount or none. 
These observations tend to show that the liver cells were the first to 
contain the iron, and that only on saturation or dissolution of these 
cells, with liberation of the pigment, did the Kupffer cells take up the 
iron. 

The progressing degeneration of the hepatic parenchyma, especially 
that at the periphery of the lobule, and its replacement by fibrous 
tissue led to periportal cirrhosis. The regeneration of the liver cells 
became excessive and at length autonomous, resulting in a malignant 
transformation of these cells (Goodpasture, Oertel, Winternitz, Jaffé, 
Rolleston). 

With the liberation of huge quantities of iron in .the liver, the 
draining lymph glands joined in the storage of it. In a similar manner, 
the pancreas, the spleen, the peritracheal lymph glands and the 
myocardium contained iron, but the organs proximal to the liver con- 
tained the most, and those distal, the least. The amount of iron in 
any tissue was directly proportional to its proximity to the liver. 

Because of the large amounts of iron in the liver, the amount of 
copper was correspondingly increased, perhaps as a result of a definite 
affinity of the iron for copper in the body. That no anemia resulted 
was due to the fact that there was sufficient parenchyma in the center 
of the lobules to carry on the formation of hemoglobin. 

The toxin or bacteria liberated from the colon also affected the 
cellular elements in other parts of the body, irritating them and causing 
thus the formation of hemofuscin, a degenerative product of the cell. 

The presence of iron in the epithelium lining the glands of the 
pancreas, the thyroid gland and other glands may mean that these organs, 
too, have a rdle in iron metabolism, and that the hypofunction of the 
cell as a result of its intoxication may hinder it from metabolizing the 
iron. 

CONCLUSIONS 


A case of generalized hemochromatosis is reported, complicated by 
a primary hepatocellular carcinoma of the liver, which had eroded a 
large hepatic vein and produced death by intra-abdominal hemorrhage. 
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From the histologic studies it was concluded that the liver cells in 
hemochromatosis are the first to contain iron and that only after 
saturation or dissolution of these cells do the Kupffer cells take up the 
pigment. The amount of iron pigment in other organs was directly 
proportional to their proximity to the liver. The increased amount 
of copper in the liver is explained by a definite affinity of the iron for 
copper in the body. 

Cirrhosis of the liver in association with hemochromatosis does not 
predispose to carcinoma more frequently than cirrhosis of the liver alone. 


It is suggested that the inability of the liver cells to reduce ferric 
to ferrous iron is the underlying physiologic abnormality in hemo- 
chromatosis, and further studies to determine the percentages of ferrous 
and ferric iron in the liver are urged. These determinations must be 
carried out on fresh specimens by biopsy or shortly after death, as 
the ferrous iron is gradually oxidized to ferric iron postmortem. 
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A COAGULOFLOCCULATION TEST FOR 
MALIGNANT TUMORS * 


EMIL WEISS, M.D. 
CHICAGO 


Many attempts have been made to utilize the blood serum of patients 
with malignant tumors for diagnostic purposes. In a few instances, 
the fundamental idea was that malignant tumors or their products may 
form antibodies similar to those of bacterial origin. A number of 
methods are founded on some differences in the protein fractions 
between the serums of patients with malignant tumors and the serums 
of normal persons. The principles on which some other procedures 
are devised include changes of properties of the blood in malignant 
conditions, with regard to (1) hemolysis, (2) viscosity, (3) ferments, 
(4) coagulation, (5) color reactions with some dyes, (6) sedimentation 
of red cells and (7) the blood constituents. 

The reasons why most of the tests have found only a limited use 
and recognition may be many: (1) The principle on which the method 
is based may apply to the blood only in a certain number of cases of 
malignant tumors; (2) the blood from a certain percentage of normal 
persons may show the same properties, which would render the method 
of doubtful value; (3) the method may be technically too complicated 
to be of practical value; (4) the procedure may be too sensitive; (5) it 
may not be sufficiently sensitive. 

The method described now was developed as the result of a carefui 
comparison of the principles, technic and results of other methods and 
study of various chemical and serologic properties of blood of appar- 
ently normal persons and patients with malignant tumors and other 
diseases. My observations seem to indicate that the serum is more 
useful for this purpose than any other constituent of the blood. Some 
important serologic factors, such as antigen, diluents, temperature and 
duration of incubation, seem to have a great bearing on the sen- 
sitiveness of serums of patients with malignant tumors. The term 
“malignant serum” will be used in this paper in a sense similar to that 
in which the term “ syphilitic serum” is used. 

In devising the procedure, special attention was paid to the factors 
that usually determine the extent of the use of a test, namely: (1) 
simple technic, (2) shortness of time required for the test, (3) easy 
preparation of reagents, (4) elimination of inactivation of serums, (5) 


* Submitted for publication, Aug. 17, 1931. 
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highest possible sensitiveness without rendering normal serums or those 
from other diseases positive. 


EQUIPMENT 


Glassware and Apparatus——For the measuring of serum and antigen, 0.2 cc. 
pipets are required. For the dilution of the serum, 1 cc. serologic pipets are most 
satisfactory. Wassermann tubes with a diameter of % inch (1.27 cm.) and 
4 inches (10.16 cm.) long appear to be very suitable. Similarly, tubes of the same 
diameter, but 2 inches (5 cm.) longer, are useful in instances in which deeper 
submersion in the water bath is necessary or more desirable. The glassware 
should be rinsed with warm water and placed over night in a cleaning solution 
(equal parts of a 6 per cent solution of sulphuric acid and a 6 per cent solution 
of sodium or potassium dichromate), then rinsed several times with distilled water 
and allowed to dry. Racks for Wassermann tubes with two or three rows of 
holes are most useful. A water bath easily adjustable to from 54 to 55 C. and 
maintaining a uniform temperature is required. An interval timer with an 
automatic alarm is convenient on account of the brief incubation. 

Blood Serum.—Serums should be fresh and thoroughly centrifugated; they 
do not require inactivation. Serums that are rich in lipoids, contaminated or 
hemolytic should be eliminated as unsatisfactory for the test. 

Serum Diluent—Distilled water is used instead of salt solution. 

Antigen.—Plain alcoholic beef heart antigen: Beef heart is freed from all fat 
and finely ground. One hundred grams are extracted with 1,000 cc. of 95 per 
cent alcohol for three days at 37 C. and then left over night at room temperature. 
The extract is then filtered and kept in dark bottles, closed with rubber corks. 
The antigen is then ready for use. 

Sodium Chloride Solution—Sodium chloride solution is prepared by dissolving 
40 Gm. of chemically pure sodium chloride in 130 cc. of distilled water. A 
saturated solution of sodium chloride is equally satisfactory, if filtered before it 
is used, 

PROCEDURE 

Method of Calculating Dilutions of Serums Previous to Use in Test—The 
dilution of serums is carried out according to the percentages of hemoglobin. 
Tallqvist’s scale is most commonly used in the determination of hemoglobin; it is 
disadvantageous because it is less accurate than other procedures. In order to 
have uniformity in the results obtained, Dare’s hemoglobinometer is used as a 
standard. To the percentage of hemoglobin obtained with Dare, 10 is added, and 
the sum is divided by 20, which gives the dilution for the respective serum. (For 
instance, if the reading is 70 per cent, 10 is added, giving 80. This divided by 20 
equals 4; the dilution of the serum in this case would be 1:4). Tallqvist’s scales 
can be used if their average reading is previously compared with Dare and the 
difference taken into consideration in the calculation of the dilutions of the serums. 
(For instance, if the Tallqvist scale shows a 10 per cent higher reading than the 
Dare, nothing is added to the hemoglobin reading before dividing with 20. If 
the Tallqvist reading is 15 per cent or 20 per cent higher than Dare, 5 or 10, 
respectively, is substracted from the reading before dividing with 20). When 
the Dare reading is 40 per cent or less, the serums should be diluted only to 1: 2.5. 

Titration of Antigens Previous to Use in the Test.—The selection of the proper 
amount of antigen is based on its reaction with malignant and syphilitic serums. 
The syphilitic serums are more sensitive than the normal serums and are there- 
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fore more valuable for the titration. Properties similar to those of syphilitic 
serum are observ-4 also in the serum in jaundice. All antigens are titrated in 
the following manner: In each of two rows of a rack, eight tubes are placed, 
Increasing amounts of undiluted antigen (0.12, 0.14, 0.16, 0.18, 0.20, 0.22, 0.24 
0.26 ce., etc.), are placed in the corresponding tubes of both rows. In each tube 
of the first row, 0.6 cc. of the diluted (according to the procedure described) 
malignant serum is added, and each tube of the back row receives 0.6 cc. of the 
similarly diluted syphilitic serum. The tubes are thoroughly shaken and then 
placed in a water bath for five minutes at from 54 to 55 C. After the incubation, 
the content of each tube is slowly diluted with 2.5 cc. of saturated sodium chloride 
solution, and the results are recorded. Usually the smaller amounts of antigen 
cause turbidity in the syphilitic and malignant tubes, “lower nonspecific zone.” 
Larger amounts cause turbidity in the syphilitic tubes, while in the malignant 
tubes the more or less coagulated serum floats on the surface of the saline solution, 
which contains floccules. This is the “specific zone.” Still larger amounts of 
antigen cause a positive reaction (flocculation) both in the malignant and in the 
syphilitic tubes, “upper nonspecific zone.” The largest amount of antigen that 
causes only turbidity in the syphilitic tube and a distinct coaguloflocculation in 
the malignant tube is selected as the proper amount for the test (= titer). The 
titrated amount of antigen should also be tested with icteric and anemic serums. 
The titer remains the same for an indefinite period if the antigen is properly 
preserved. 

Routine Test—Wassermann tubes are placed in two rows in the racks. The 
tubes of the first row are used for the main test with the unknown serums and 
also for the malignant, syphilitic, icteric and anemic controls. The last tube in 
the first row contains the antigen control. The tubes in the second row servé 


as the serum controls for the unknown serums and also for the malignant, syphi- 
litic, icteric and anemic serums. The titrated amount of the undiluted antigen is 
placed in each tube of the first row. The corresponding amount of distilled water 
is placed in all tubes of the second row. Six tenths of a cubic centimeter of each 
diluted serum is added to one tube in the first row and an equal amount of the 
same serum to the tube behind in the second row. Six tenths of a cubic centimeter 


of distilled water (instead of serum) is added to the antigenic control. The 
ingredients of malignant, syphilitic and icteric controls and their serum controls 
should be the same as those used for the unknown serums. All tubes are then 
shaken and placed in a water bath at from 54 to 55 C. for five minutes. After the 
incubation, 2.5 cc. of a saturated, or 32.5 per cent sodium chloride solution is 
slowly added to each tube, and the results are read. 

If the required amount of the unknown serum is not available, the test may 
still be performed successfully if the remaining constituents for the reaction are 
decreased proportionately. 

Controls —The following controls are necessary each time the test is carried 
out: (1) antigen control, (2) serum control (each serum should have a serum 
control), (3) malignant, syphilitic, icteric and anemic controls. 

Interpretation of the Results—The controls should be examined before making 
readings of the unknown serums. The malignant control should show a thick 
layer of coagulated serum floating on the surface of the salt solution, which con- 
tains many large floccula. All other controls should remain uniformly turbid. One 
tube is read for each unknown serum. Tubes showing the same reaction as the 
malignant control are read as strongly positive. Tubes with a distinct flocculation 
without showing in addition a layer of suspended coagulated serum on the surface 
of the saline solution are read as weakly positive. Uniformly turbid tubes are 
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read as negative. Tubes with a doubtful flocculation are also read as negative and 
the test should be repeated. 

Sources of Error——(1) The used serum is hemolytic, contaminated or inactivated, 
or contains an excessive amount of lipoids; (2) the serum is not properly diluted; 
(3) some other diluent was used instead of water; (4) the antigen was not properly 
prepared or preserved; (5) the antigen was not accurately titrated, thus causing 
either nonspecific reactions or a low percentage of specific reactions; (6) the 
antigen was not vigorously mixed with the diluted serum; (7) fallacies occurred 
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in the reading of the temperature and in the duration of incubation; (8) another 
reagent than the saturated salt solution was used for the dilution of the serum- 
antigen mixtures after the incubation; (9) the tubes were shaken after addition 
of salt solution, thus rendering the reading difficult. 


STATISTICAL DATA CONCERNING THE SENSITIVENESS 
OF THE TEST 


The blood specimens for the study of this reaction were obtained 


from patients in the Cook County, St. Anne’s and Holy Cross Hospitals 
in Chicago. For the development of this procedure, about 500 samples 
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of blood were taken from patients with malignant tumors. In the 
statistical table of malignant tumors only cases are included in which 
the clinical diagnosis was confirmed either by biopsy or by necropsy 
(179). Most of the cases of malignant tumors with a negative reaction 
represent either early stages or very advanced stages with a high degree 
of cachexia. The cases of benign tumors include: 5 lipomas of the 
back, 1 papilloma of the bladder, 15 adenomas of the breast, Z fibromas 
of the ovaries, 4 dermoid cysts of the ovaries, 8 serous cystadenomas 
of the ovaries, 43 simple cysts of the ovaries, 2 mixed tumors of the 


TABLE 2.—Other Diseases 
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parotid, 1 hemangioma of the skin, 6 nevi of the skin, 1 teratoma of the 
testicle and 27 fibromyomas of the uterus. In all the cases of benign 
tumors, the blood gave a negative reaction. 

Of 154 cases of other diseases (table 2), only about 2 per cent gave 
a positive reaction without clinical evidence of a malignant condition. 


COMMENT 


A method has been devised for the serologic diagnosis of malignant 
tumors. This procedure resembles in: many respects the various floccu- 
lation tests for syphilis. The antigen is simple in its preparation and 
does not require the addition of cholesterol. The test offers the further 
advantage that the serums do not require inactivation. If necessary, 
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the test can be carried out with very small quantities of antigen and 
serum. The brevity of incubation is also a convenient factor. 

The reaction is caused by the influence of both constituents of the 
antigen: aleohol and lipoids. It occurs very definitely at a suitable 
temperature (from 54 to 55 C.). It occurs even if the alcohol does 
not contain lipoids. The lipoids increase the intensity of the reaction. 
This is the case only with a certain kind of lipoids present in a proper 
quantity. Other solvents and lipoids that may be useful for this pro- 
cedure will be reported on in a subsequent paper. How early the 
reaction becomes positive, whether the removal of a malignant growth 
has any influence on the reaction, and whether the recurrence can be 
reflected in the reaction will be material for further observations. 
Work to determine to what extent, if any, diseases other than malignant 
tumors yield a positive reaction is being carried on. 


SUMMARY 


A serologic test for malignant tumors has been devised, which offers 
the following advantages: The antigen used is simple and easily 
prepared ; the serums do not require inactivation ; the duration of incu- 
bation is brief (five minutes) ; the reaction is definite and can be easily 
interpreted; the test offers a reasonably high degree of sensitiveness 
and accuracy. 





General Review 


THE ETIOLOGY OF CANCER 


II. IRRITATION * 


H. E. EGGERS, M.D. 
OMAHA 


In 1863 Virchow, discussing the origin of malignant tumors, 
emphasized the importance of chronic irritation as a frequent, if not 
entirely essential, cause. Even before that there had been described the 
close association that may exist between certain types of carcinoma and 
specific sources of irritation; the exceptionally high incidence of skin 
cancers in chimney-sweeps had been observed by Pott in 1775; the 
association between cancer of the lip and pipe smoking, by Soemmering 
in 1795, and again by Melzer in 1850, and the occurrence of skin cancer 
as a sequel to lupus, by Devergie in 1857. Similar observations post- 
dating Virchow’s were those of Volkmann in 1885, concerning the 
occupational incidence of skin cancer in workers in the paraffin oil and 
tar industries, and the description of kangri-burn cancer by Maxwell 
in 1879. 

The possibilities of the use of some of these apparently specific 
irritants in the experimental induction of cancer were realized early, 
and in 1889 Hanau announced that after long-continued painting of 
the skin of rats with tar no cancer resulted, but merely chronic inflam- 
matory lesions, and 1894 Cazin was likewise unsuccessful with dogs— 
both, as it chanced, having worked with animals unsuited to this 
particular method. In 1911 Wacker and Schminke applied tobacco 
tar to the skin of the rabbit; in 1912 Bayon studied the effect of the 
subcutaneous injection of tar into the rabbit’s ear, in which he got 
excessive epithelial hyperplasia, but without actual malignancy, and in 
1913 Haga applied soot to the skin of that animal; all of these experi- 
ments yielded negative results as far as actual causation of malignant 
growth was concerned apparently because of insufficient time being 
allowed for them. In the meantime, other specific forms of cancerogenic 
irritation were being learned from clinical observation. Arsenic, which 
had been alleged to be causative of cancer in 1820 by Paris, with the 
statement that scrotal cancer was frequent in employees, and cancer of 
the rump in cattle, in the mining districts of Cornwall—an observation 
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that lacks confirmation—was definitely associated with malignant growth 
by Hutchinson in 1887. Rehn in 1895 reported on tumor of the bladder 
in aniline workers, and in 1906 Wyss called attention to the induction 
of skin cancers by repeated x-ray burns. 

To the extent that these clinical observations gave rise to successful 
attempts at experimental induction of cancers, the first to be confirmed 
in this way was the effect of the x-rays; in 1910 Marie, Clunet and 
Raulot-Lapointe were able to announce that they had produced sar- 
coma in the rat by heavy ulcerative doses. The production of skin 
cancer in the rabbit by the prolonged application of coal tar was 
first reported by Yamagiwa and Itchikawa in 1915, although a year 
earlier they had reported the development of papillomatous lesions by 
this method. Similar results with mice were announced by Tsutsui in 
1918. Owing to the outbreak of the World War and to the fact that 
their earlier publications were in Japanese, the experiments of Yama- 
giwa and Itchikawa and of Tsutsui failed to obtain extensive notice 
until considerably later, and they lacked confirmation from other than 
Japanese sources until 1920, when similar results were announced by 
Fibiger and Bang. 

CHEMICAL IRRITATION 

Tar—The method of induction of nialignant tumors by the use of 
tar has proved extraordinarily adapted to experimental study and has 
given rise to a considerable literature; as this up to 1926 has been 
reviewed in the ArcHIves by Woglom, whose article is furnished 
with an exceptionally complete bibliography, a detailed survey of this 
phase of cancer research would appear scarcely necessary, and accord- 
ingly only the general results will be summarized here. 

Although in suitable animals positive results ranging from 100 per 
cent (Fibiger and Bang) downward have been reported, not nearly all 
experimental animals acquire tumors on tarring; rats (Hanau, Paszke- 
wicz, Yamagiwa, Polettini, Buschke and Langer, Borrel, Boez, de 
Coulon, Halberstaedter, Deelman, Teutschlaender, Moller, Dentici and 
von Puhr) are almost completely resistant to the development of tar 
cancers of the skin, although 1 success in 100 rats has been reported 
by Herly, and another somewhat doubtful instance by Cholewa. Fowls 
(Yamagiwa, Teutschlaender and Choldir) are likewise almost completely 
resistant to the local action of tar on the skin, although Choldin found 
that by the cautious application of tar, either pure or in ether solution, 
he could induce hyperkeratoses and in some cases cancroid tumors after 
long periods; guinea-pigs (Menetrier and Surmont, Leitch, Mertens, 
Itchikawa and Baum, Dentici, Halberstaedter, Teutschlaender, Borrel, 
Boez, de Coulon and Bloch) and dogs (Itchikawa) all show almost 
complete insusceptibility on the part of the skin. On the other hand, 
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rabbits, mice particularly, and of course human beings react with some 
regularity ; in human beings, in addition to the somewhat random action 
of tar as occurring in gas-house workers and others of like occupations, 
2 cases in circumstances almost experimental have been reported, the 
one by de Jong, Meyer and Martineau, in which skin cancer developed 
after long-continued painting of an inflammatory skin lesion with tar, 
the other a somewhat similar instance reported by Veiel, the irritant 
in this case being pine tar. But although skin cancers occur almost 
never in tarred rats, fowls, guinea-pigs and dogs, the tumefacient action 
of tar may be manifested with greater readiness in these animals at the 
expense of other tissues. Maisin and Picard reported the production 
of a papillary carcinoma of the bladder in a rat after the introduction of 
tar embedded in solid material, with continued injection of tar for 
30 days thereafter; Menetrier, the appearance of a gastric carcinoma 
after intraperitoneal injection of tar; Teutschlaender, epithelial meta- 
plasia and a cancer of the horn of the uterus after intravaginal intro- 
duction of tar. Sarcomas after subcutaneous injection of tar were 
reported by Russell, and after inunction, by Badile, who also reported 
metaplasia and carcinomatous growth after the introduction of tar into 
the seminal vesicle; Russell and Melezer reported that sarcomas may 
follow not only subcutaneous .injection, but also inunction, of tar—all 
in rats. And in these animals Buschke and Langer, although they found 
that only slight local effects followed repeated intrarectal injections of 
tar, observed with some regularity papillomatous growths in the fore- 
stomach, with in some cases what appeared to be epithelial infiltration; 
a similar result was obtained after the feeding of small amounts. 

With fowls, too, malignant neoplasms have been caused elsewhere 
than in the skin by the use of tar. Sarcomas have been produced in 
this animal by Carrel, and Murphy and Landsteiner, by the double 
insertion into adult animals of embryonic fowl tissues and tar, and 
more indirectly by Laser, by the treatment of cultured embryonic fowl 
tissues with the plasma of an animal that had been treated by injection 
of tar. Also the injection of tar alone has occasionally led to connective 
tissue tumors or other internal neoplastic development, in the hands of 
Choldin. With the guinea-pigs Kazama obtained the induction of 
adenocarcinoma of the gallbladder following the introduction of tar in 
conditions assuring an added element of mechanical irritation. His 
exceedingly high percentage of positive results might lead to a suspicion 
of their authenticity, but Leitch, contrary to his expectations, was like- 
wise able to secure carcinomas with great frequency in similar experi- 
ments. Kimura reported multiple adenocarcinomas of the bronchi in 
guinea-pigs 140 days after the insufflation of tar. 

In addition to the facile production of skin cancers in mice and 
rabbits, other tumors may be caused in these animals by the suitable 
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application of tar. Injected into the breast in rabbits it may cause 
mammary adenocarcinoma, as announced by Yamagiwa, Suzuki and 
Murayama, or sarcoma (Yamagiwa); into the gastric submucosa, 
papillary adenomas (Ishibashi and Ohtani) ; into the renal pelvis, when 
accompanied by mechanical irritation, papillary tumors and adeno- 
carcinoma (Latteri) ; directly into the intestinal lumen by means of an 
intestinal fistula, adenomatous and polypoid growths of the mucosa 
(Genkin and Dmitruk), and insufflated into the bronchi, small adenomas 
(Kimura). In mice, too, a variety of tumors have been produced. 
Deelman observed the development of a spindle cell sarcoma in the 
mouse after applications of tar to the skin. Brancati and Loewenthal 
produced sarcomas by intraperitoneal injection of solutions of tar in 
oil; Roussy, Leroux and Peyre, a number of carcinosarcomatous tumors, 
in 1 case with separate metastases of the 2 tumor forms. By injections 
of tar Seedorff was able to produce transplantable carcinomas of the 
breast much more readily in mice then in rabbits—indeed, with the 
latter animals he was quite unsuccessful. Murphy and Sturm, and 
Sonne and Stoel, observed in mice the skins of which had been tarred 
the frequent appearance of adenocarcinomatous nodules in the lungs, 
the latter along with 1 carcinoma of the palate and 2 of the esophagus ; 
with the direct application of tar to the mouth, Bonne later found that 
gastric papillomas, which had also been occasionally observed after 
tarring of the skin, were of more frequent occurrence, as were the oral 
and esophageal cancers. Schabad, after the intrarectal insertion of tar 
for 6 months, obtained 1 perianal carcinoma, 2 primary tumors of the 
lung and 1 papilloma of the fore-stomach; Koose and Cordes likewise 
observed unduly frequent tumors of the lung and mediastinum in 
tarred mice, and Schabad in a later report found that there appeared 
to be a hereditary transmission of this acquired susceptibility to pul- 
monary tumor, since while they occurred in 27.8 per cent of the tarred 
mice, as compared with 3.5 per cent of normal animals, in the offspring 
of the tarred mice they were present with a frequency of 50 per cent. 

In view of the decided cancerogenic properties of coal tar, it would 
seem that the active substance could be isolated and some light thrown 
on its mode of action by its chemical properties. All efforts in this 
direction have proved fruitless, and indeed it appears rather probable 
that there may be in it a number of cancerogenic substances, or that the 
effect may be due to a number of chemical substances acting together, 
rather than to one. As a matter of fact, cancerogenic action is not a 
universal property of coal tar, or at least not one possessed in equal 
degree by tars from different sources. It has already been mentioned 
that Fibiger and Bang obtained successful results in one series in 100 
per cent of their attempts. In contrast to this stands the work of 
Mertens, who in 1923 reported a single successful result in 200 attempts 
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with mice, rats and rabbits. While such differences may depend in part 
on the source of the tar, in large part they appear to be associated with 
its mode of production. Even before the study of experimentally 
induced tumors, Ross in 1918 had summarized the cancerogenic action 
of various pyrogenous products, as observed clinically, and had stated 
these as follows: 

Obviously cancerogenic: coal tar, pitch (concentrated tar), soot, shale oil and 
grease. To these Ross added a number of substances of somewhat unrelated 


character. 
Doubtfully cancerogenic: the anthracene fraction of tar distillates and 


petroleum. 
Noncancerogenic: coal itself, blast furnace tar, natural pitches, naphthalene 


and petrolatum. 


The investigation of materials by experimental methods permitted a 
much more detailed study; in 1921 Bloch and Dreifuss found that the 
active fraction of their tar distilled at a temperature of over 300 C., 
and was free from phenols and bases; with this fraction they were able 
to secure a tumor incidence of 100 per cent. In the following year 
Murray was able to secure active material after successive extraction 
of tar with water, alcohol and ether, the last extract giving 50 per cent 
successes, while the alcoholic extract was not as active. Kennaway, 
writing in 1923 and 1924, found the active effect manifested by the 
fractions boiling at higher degrees, between 230 and 500 C. Of tars 
of various characters, lignite tar, gas works tar, producer gas tar and 
coke oven tar were apparently cancerogenic, while this effect was not 
shown by blast furnace tar. Deelman found that the action of tars from 
horizontal retorts was more pronounced than that of tars from vertical 
retorts—a matter presumably of relative temperatures, as Kennaway 
in 1924 reported similar findings for the less heated tars from high 
retorts. Hoffmann, Schreuss and Zurhelle distilled coal tar into 7 
fractions, of which only that boiling at 380 C. showed cancerogenic 
properties. Jordan found that in the case of a gas works tar of high 
cancerogenic power, the earlier stages of epithelial hyperplasia developed 
much more promptly with the residue left after distillation at 400 C. 
than with the distillate at this temperature. Deelman also found that 
the pitchy residues of distillation were active in the induction of cancer, 
and the active material could be extracted from this by toluene, benzene 
and acetone, leaving an inactive residue. Teutschlaender likewise found 
that the active material could be extracted from tar by benzene, although 
the extract was not more potent than the original material. Unlike 
the general run of the aforementioned results, which would indicate 
that the agent is present almost wholly in the higher boiling fractions of 
the tar, Maisin found a fraction boiling at relatively low degrees, from 
300 to 350 C., which was actively cancerogenic, and Twort, with Ing 
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and Fulton, found that the activity was present at times in the higher, 
at times in the lower, boiling fractions. It could be extracted by methyl 
sulphite or sulphate, trinitrophenol and ethyl alcohol, and was destroyed 
or reduced in amount by sulphuric acid, as well as by processes of 
oxidation or reduction. As a matter of fact, extreme temperatures 
were found by Kennaway, who heated an active 600 C. tar to 1000 C., 
to destroy the property; he also found that with a tar obtained from 
acetylene the portion prepared at a temperature of 700 C. was much 
more active than that prepared at from 800 to 900 C. Qn the other 
hand, isoprene tar prepared by heating to 820 C. was more active than 
that produced at a temperature of 720 C. With tars produced by heat- 
ing the same coal to different temperatures, Kennaway found the most 
active fraction to be that heated to 1250 C., while those heated to 560 
and 450 C. showed descending degrees of activity. To the extent that 
the active principle may be associated with higher boiling fractions, it 
would appear to be of aromatic character, as Kennaway found that at 
higher temperatures there was a conversion of aliphatic into carbocyclic 
compounds. Although it has often been suggested that the cancerogenic 
action is due to relatively complex combinations—nitrogen-containing 
according to Philippson, sulphur-containing according to Hammett, 
while Bayet and Slosse hold that it is due to the presence in the tar of 
arsenic—there is little evidence to support these views. Fibiger and 
Bang produced cancers with tars containing the merest vestiges of 
arsenic; Leitch failed to induce cancers in mice with a Scotch blast 
furnace tar with an arsenic content equal to that of actively cancero- 
genic tars from other sources; Mandl and Stohr also got negative 
results with an arsenic-containing tar; Moller obtained cancers with a 
tar without traces of arsenic, and Jordan produced 100 per cent cancers 
in a limited number of mice with a tar free from arsenic. O’Donovan, 
too, failed to find arsenic present in British tars of known cancerogenic 
power, and de Coulon could find no relation between cancerogenic 
activity and arsenic content. As to nitrogen and sulphur content, Bloch 
and Widmer found that the action was due apparently to neutral 
hydrocarbons, entirely free from nitrogen, sulphur and arsenic. Perhaps 
the most conclusive evidence, however, is that of Kennaway, who with 
an artificial tar made by heating isoprene—methyl divinyl, CH2:C 
(CH3).C:CH2—in an atmosphere of hydrogen produced cancers in 
mice more effectively than with many specimens of coal tar. Apparently 
the active fraction contains carbon and hydrogen only, except that the 
possibility of other elements being present in minute amounts as 
impurities could not be absolutely excluded. Later, the same writer 
reported the production of a cancerogenic tar by heating acetylene to 
temperatures of from 700 to 900 C.—an experiment that seems to 
indicate clearly the hydrocarbon character of the agent. Vaubel sug- 
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gested that the activity of cancerogenic agents of this character is due 
to their possession of complexes with a double carbon linkage, by which 
they have a labile- molecular structure, susceptible of activation to 
ferment-like activity. 

A number of substances isolated from coal tar have been studied 
either singly or together for possible cancerogenic action. Acenaphthene, 
anthracene, acridine, aniline, benzene, carbazole, chrysene, fluorene, 
phenanthrene, picene, retene, toluene, truxene and xylene, all represent- 
ing compounds found in the higher boiling fractions of tar, were studied 
singly by Kennaway with negative results. Carbazole was later tested by 
Maisin and DeSmedt, who obtained with it one cancer in the mouse; 
but as they pointed out, the product used had undergone decomposition 
by light and could not be regarded as pure. Twort and Fulton observed 
some slight cancer-producing effect with chrysene alone. Mixtures would 
appear to be more effective ; de Coulon found that carbazole, anthracene, 
naphthylene and vacuum tar would produce cancers if applied together, 
but were not effective singly, and Twort and Ing reported the causation 
of cancer by the application of a mixture of chrysene, truxene and 
benzerythren, the first two of synthetic production, but with some doubt 
of the purity of the chrysene. 

Much of the uncertainty of the results obtained in the induction of 
tumors by tarring is due to the long and variable time limits necessary 
for the successful completion of the experiments. Yamagiwa in his 
earlier publications stated that in the rabbit the tar had been applied at 
intervals of 2 or 3 days for from 103 to 565 days before undoubted 
cancer appeared. In a later publication cancer was reported as 
occurring as early as the fifty-fifth day, but with a usual period of 150 
days or more. Halberstaedter gives 6 weeks as the time necessary for 
the appearance in the rabbit of epithelial thickening, not necessarily 
malignant, and von Witzleben 5 weeks for the appearance of tar warts, 
after applications of tar twice or thrice weekly. Itchikawa and Baum 
obtained growths more quickly by tarring large areas and carefully 
removing the crusted tar before applying more; in this way they 
produced cancers in the rabbit in as few as 47 days, and with over 90 
per cent successes by the eightieth day. The first precancerous changes 
were noted in 36 days, which is not dissimilar from the 30 days stated 
by Ciechanowski, Morozowa and Wilhelmi as the time necessary for 
these changes. 

In the mouse, the period necessary for the development of pre- 
cancerous and cancerous changes is not particularly shorter. Tsutsui 
obtained his cancers after 100 days or over; Fibiger and Bang observed 
precancerous warts in from 4 to 8 months, with definite cancers after 
about 5 months in some cases. Lipschiitz obtained papillomas in from 
88 to 125 days; Bierich, and Bierich and Maller, observed them earlier, 
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although cancers did not appear until the fourth month, and Murray 
and Woglom obtained cancers after about 110 days. 

Not only is a considerable time required for the appearance of the 
tar cancers, but the continuation of the tar applications over a long 
period is also necessary; Bang found that 1 month’s painting of mice 
was entirely ineffective; after 2 months there was about 20 per cent 
development of cancer, after 3 months about 70 per cent and after 4 
months 100 per cent. Teutschlaender in an investigation of cancer in 
the briquette industry found similar, though of course much longer 
and less definite, relationships there in the occurrence of the industrial 
cancers, and recommended less prolonged employment as one element 
in prophylaxis. Not only did Bang find that cancer was less certain of 
occurrence after limited periods of the application of tar, but that in 
those circumstances its onset was delayed, as many as 8 to 10 
months being required for its onset after painting for 2 or 3 months. 
Occasional reports of the exceptionally early development of tar cancers 
occur, however. Deelman, using an especially active tar, produced 
cancers in mice in periods of from 3 to 4% months; Murray observed 
them as early as the third month, and Foerster, using a tar distilled in 
a horizontal retort, in 8 weeks. Babes and Serbanesco reported the 
extraordinarily early development of tar cancer of the rabbit’s ear in 
2 cases within 18 days. The cancers appeared on the side of the ear 
opposite to that of the applications, and part of the effect was attributed 
to the mechanical irritation of scratching. 

As regards number of applications, within minimal limits this appears 
to be almost a constant factor, as Deelman found that with applications 
at two-day intervals, 22 were required for the appearance of macro- 
scopic skin changes in mice; with three-day intervals, 18; at four-day 
intervals, 19; at five-day or six-day intervals, 17, and at seven-day 
intervals, 18. Even when tarring is discontinued before the appearance 
of macroscopic changes, a process may be initiated that becomes 
manifest only later. Leitch, with mice painted until the appearance of 
papillomatous lesions, found that with cessation of the tarring some 
of the papillomas disappeared immediately or after some continuation of 
growth; that some grew slowly but did not become malignant, and that 
some progressed to malignancy just about as they would have had the 
tar applications been continued. Later he discontinued the painting 
before the appearance of papillomas, and in 20 mice later observed 
temporary warts in 4, papillomas in 4 and cancers in 6. The interval 
between the establishment of potential malignancy and its actual onset 
is termed by Bang the latent period, and Leitch’s work would show that 
this is obviously longer than the interval required for the appearance of 
malignancy in previously benign papillomatous lesions. The latter 
period was found by Bang to be with the mouse from 8 to 9 months, 
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corresponding proportionately quite closely to the intervals noted to 
have elapsed between the cessation of occupational irritation and the 
onset of cancer in man. 

The delay in onset of cancer can be reduced if to the almost specific 
chemical irritation there is added some other factor tending to promote 
cellular reproduction or division. The experiments of Murphy and 
Landsteiner, of Carrel and of Laser have been cited, in which malignant 
growth was induced in fowls by the addition, more or less directly, of 
tar to embryonic tissues. Not entirely dissimilar were the experiments 
of Deelman on mice, in which he found that scarification of the skin 
previous to the applications of tar greatly expedited the appearance 
of malignant growth, and other experiments by the same worker, in 
which he was able to localize the site of tar cancer by scarification of 
areas in the process of tarring. Deelman’s observations, which have 
been confirmed by a considerable number of observers—Teutschlaender, 
Reding, Rapui, Simoes-Raposo and Cramer—have lacked confirmation 
by others—Mandl and Stohr, Truffi, Roussy, Leroux and Peyre, Lud- 
ford, Daels, Derom and Parodi, with experiments either identical or 
along similar lines. Deelman’s explanation of his observations is quite 
other than that suggested here; it is based on the more intimate contact 
of the tar with the deeper and more actively reproducing layers of the 
epithelium. As bearing on Deelman’s explanation, the procedure sug- 
gested by Blumenthal, in which the penetrability of the tar into the 
skin is enhanced by preliminary cleansing with petroleum-ether, was 
tried with rabbits by Remond, Sendrail and Boulicard, with negative 
results ; but similar experiments on mice reported by Bartozek, and on 
rabbits by Bittmann, resulted in early development of cancers— 
Bartozek’s mouse cancers appearing after 68 days, as compared with 
the 103 days required by controls, and Bittmann’s cancers in rabbits 
appearing after periods as short as from 14 to 36 days. In some of 
the experiments just referred to, on the relation of injury to tar cancers, 
the trauma was induced by heat, with which the effects in general 
appear to be similar to those of mechanical injury, providing the 
temperature is not too excessive. Derom, for instance, found that with 
temperatures in the neighborhood of 50 C., the appearance of the tumors 
was hastened and the incidence was somewhat in excess of that in 
unburned controls; but with temperatures ranging from 60 to 70 C., 
and with subsequent applications of tar, the incidence of tumor was 
diminished. 

Heating of the tar itself appears to be particularly conducive to 
rapid development of tumors. Effects of this sort were observed by 
Petit, Derom and Lecloux, by Remond, Sendrail and Boulicard and by 
Findlay, who with a single application of tar or of its chloroform 
extract, heated to 70 C., caused skin cancer in mice. Analogous clinical 





EGGERS—ETIOLOGY OF CANCER 121 


observations were reported by Bang and by Huguenin of patients in 
whom a skin cancer appeared after a single burn with hot tar. 

The experimental investigation of tar cancer includes studies of 
attempted modification by other factors, both of local and of general 
character. Yamagiwa, who injected hydrous wool fat along with tar 
into the breasts of rabbits, observed a lessened effect in these cir- 
cumstances, although in later experiments he and his associates believed 
that they found evidence supporting the view that the feeding of hydrous 
wool fat to tarred animals accelerated the development of malignant 
growth. Somewhat similar results were reported by Roffo, to the 
effect that the feeding of cholesterol likewise accelerates the onset of 
malignant growth. As regards other experiments on the local effects of 
applied lipoidal material, Lecloux found, as did Yamagiwa with hydrous 
wool fat, that the application of sodium oleate or of oleic acid, in this 
case between the periods of tarring, delayed the response to the latter 
procedure. Berenblum found that the addition to tar of dichlorethy] 
prevented its effects, a result that might be explained possibly by dilution, 
were it not for the fact that Hieger showed that some tars, at least, may 
be diluted ten times without evident diminution of their cancerogenic 
effect. Testing the action of mustard oil in its relations to tar cancer, 
Sobolewa found that, if applied before tarring, it causes epithelial 
atrophy and hinders the cancerogenic effect of the tar; if applied after 
the cessation of tarring, it hastens the development of tumors. 

More general modifications are those of von Witzleben, who in 
rabbits in which carbohydrate metabolism had been interfered with by 
the injection of epinephrine and dextrose found exceptionally prompt 
development of the precancerous changes incident to tarring, while in 
other animals given injections of insulin the ears were intact after 7 
months; von den Borne tried blockage of the reticulo-endothelial system 
by the injection of trypan blue, and found that this procedure prevented 
the onset of cancer. Choldin found that in mice the appearance of cancer 
could be accelerated by preceding repeated injections of indol or of 
arsenic, and Reding made the curious observation, in a few animals 
only, that the subcutaneous injection of colloidal magnesium or calcium, 
or the insertion under the skin of small amounts of metallic magnesium, 
restrained the appearance of tar cancers, presumably by an effect on the 
reticulo-endothelial system similar to that observed by von den Borne. 

The character of the tissue changes induced by tarring has been a 
matter of repeated histologic study. There is general agreement that 
as regards the early epithelial changes, these take the form of gradual, 
on the whole orderly hyperplasia, either in the form of papillary out- 
growth or of delimited downward penetration. Babes, however, did not 
concede this primary hyperplasia, and regarded the epithelial prolifera- 
tion, at least in the rabbit, as the consequence of regeneration of tissues 
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primarily partly destroyed, and Jonkoff expressed the belief that the 
epithelial overgrowth alternates with intervening periods of atrophy. 
But according to the more generally confirmed views, there is a progres- 
sive continuation of the hyperplasia, with accumulation of excessive 
keratinized cells, eventually the appearance of atypical proliferation 
in the basal cells, and finally definitely invasive growth. As to the 
changes in the corium, there is more diversity of opinion. Early vascular 
dilatation is the rule, a dilatation that Itchikawa and Baum would ascribe 
to paralysis of the peripheral nerves; there is some infiltration by 
eosinophils and lymphocytes, and the elastic fibrils show characteristic 
changes, which, however, have been variously interpreted. Bierich 
regarded these as showing an increase, which at first he considered as 
due to an actual increase in quantity of elastin; but later experiments in 
conjunction with Rosenbohm, in which they observed similar changes 
after the immersion of tissues in weak lactic acid, led them to the 
opinion that the change was merely a swelling rather than an actual 
increase of fibrils. This view is shared by Philippson and by Sedginidse, 
while Ulesco-Stroganova regarded the changes as those of actually 
increased fibrils. The importance of nervous mechanism in the formation 
of the tar cancers is variously estimated and has been in part a matter of 
morphologic study. Julius reported that after tarring of the skin in 
mice there is an excessive growth of subcutaneous nerve fibers, and 
Itchikawa and Uwatoko believed that they could find a free develop- 
ment of nerve fibers in the cancers themselves. Experiments to 
determine the functional relationships of the innervation to the tar 
cancers have given conflicting results. Section of the cervical 
sympathetic supply to the rabbit’s ear, in the hands of Auler, led to 
marked restraint of the development of the usual hyperplasia, while 
Itchikawa and Kotzareff obtained directly the reverse result, and 
observed inhibition, in the way of regression of already induced tumors, | 
after section of the central nerve supply. Repetition of these experiments 
by Remond, Bernardbeig and Sendrail and by Eiger and Czarnecki gave 
results that confirmed those of Itchikawa and Kotzareff. Pigalew, too, 
observed the failure of cancerous changes in the ear of the rabbit after 
section of the central nerve supply, and he reported that intracranial 
injections of tar hastened the appearance of skin cancers at the sites of 
local tarring. Cramer studied the effect of tarring of skin that, by detach- 
ment and auto-implantation, was temporarily deprived of its innervation. 
In these conditions, the tarring caused cancers of these areas, although 
usually later than in intact skin. His results he interpreted as indicating 
a lack of effect of nerve control on cancerous growth, but a decided 
importance of such control in regulating the changes of precancerous 
inflammation. In general, it may be said that the morphologic study of 
the changes incident to the development of the tar cancers has thrown 
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little light on the problem of the origin of cancer ; fundamentally, they 
appear to be essentially those of chronic inflammation, and the gradual 
onset of undelimited growth shows nothing to betray the mechanism 
by which it is caused. 

As nothing in the nature of a clue to the genesis of cancer has been 
revealed in the local changes, to what extent may general systemic 
alteration be concerned in its origin? That prolonged tarring results 
in such changes is unquestionable. Lipschiitz in 1922 and 1923 reported 
disturbances of melanotic pigmentation after the application of tar to 
gray or black mice, and inferred from these a general metabolic dis- 
turbance. That this action included other effects was indicated by 
Maisin and DeSmedt in 1924, with the finding that tarred mice as a 
rule became sterile. Borghi two years later reported finding in both 
mice and rabbits a rather generalized infiltration of the reticulo-endo- 
thelial system by tar, and called attention to widespread degenerative 
changes of the parenchymatous organs and especially the frequent 
occurrence of hepatic cirrhosis, with the implication that the former 
changes at least were of probable importance in the genesis of cancer. 
3ut in the same year Déderlein was able to show that the cachexia 
manifested by many tarred animals had little relation to the onset’ of 
cancer, since this might be present to a pronounced degree in animals 
in which cancer failed to develop. Bonne, a year later, found that the 
speed of development of cancer bore a relation to the size of the area 
tarred, even though the region actually becoming cancerous remained 
small, indicating that the absorption of material from the tar might 
play a part in the phenomenon. Guldberg in the same year confirmed 
the presence in tarred animals of the changes reported by Lipschiitz and 
Déoderlein; Leitmann and Davidson again called attention to the 
frequency of cirrhosis of the liver in tarred rabbits, and Fischer- 
Wasels and Biingeler announced conclusions like those of Déderlein, 
and believed that there was no connection between remote degenerative 
changes and local development of cancer. There does not at present 
appear to be any way of definitely determining the possible relationship 
of these internal changes to the inception of cancer, but there are rather 
definite indications that in addition to the local effect, there is a 
generalized factor in the cancerogenic action of tar. The existence of 
long latent intervals between the cessation of tarring and the appear- 
ance of cancer suggests the evolution of changes more deeply seated than 
in the exposed tissue itself, as does the fact, as shown by Deelman, 
that this latent interval is almost independent of the frequency of the 
tarring. Also the fact shown by the same investigator that in tarred 
mice, with applications insufficient in themselves to cause cancer, an 
additional element of trauma could induce malignant growth, points in 
the same direction. It is true that such evidence is not decisive, since 
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the latent malignancy could be present in the epithelial cells themselves, 
but it certainly suggests the possibility of systemic alteration, particularly 
when it is borne in mind that this effect may be manifested by injured 
epithelium at the outskirts of the tarred region, where there had been 
no previous evidence of proliferative change ; a purely local effect would 
imply what Deelman suggested, that there is a latent tendency to 
abnormal proliferation transmitted by parent epithelial cells to their 
regenerating offspring. Along somewhat similar lines is the purport 
of an experiment by Schabad, who found that while there was, as a rule, 
no recurrence of completely excised tar cancers, the animals still showed 
a pronounced tendency to the development of new tumors. Finally, 
there are the instances already cited of the development of tumors, at 
sites remote from those of the tar applications—as, for instance, the 
remote appearance of respiratory tumors in mice after tarring of the 
skin, and the appearance in similar conditions of tumors of the pro- 
ventricle in the rat. But none of these can be regarded as decisive, 
since it is impossible to exclude completely the possibility that tar may 
have been transferred by the activities of the animal, or in the case of 
the respiratory tumors, by insufflation. That the latter are not due to 
the inhalation of volatile constituents from the tar has been shown by 
several experiments—by Nather and Schnitzler, who exposed mice con- 
tinuously to the fumes of tar for as long as 18 months without observing 
the appearance of tumors, and by Smith, with similar experiments. The 
experiments of Fischer-Wasels, in which he applied tar to different 
areas, and later injured portions of skin to which tar had never been 
applied and observed the development of cancers at the site of these 
injuries, while very suggestive, are not entirely free from the same 
criticism, as is the observation by Kreyberg that in tarred mice cancer 
may appear in untarred areas after cauterization. 

Other Pyrogenic Agencies——Although the coal tar cancers have 
been the most thoroughly studied of the artificially induced neoplasms, 
they are only representative members of a large class of tumors that may 
develop in similar auspices. Mention has been made of the cancers 
induced by the application of tars made from isoprene and acetylene. 
A large number of substances of pyrogenous origin have similar effects. 
Nakamura, in an investigation of the cancerogenic action of a wide 
variety of tars obtained by the heating of vegetable material, found that 
pityrol, a tarry substance obtained in the dry distillation of rice bran, 
had such action. Kennaway found that cholesterol heated to about 
800 C. yields a cancerogenic substance, although cholesterol itself has 
been found by Garschin to cause epithelial hypertrophy. Twort and 
Fulton were able to secure an unusually active tar by heating pinene 
to 850 C., and a less effective one from turpentine similarly heated. 
The list of cancerogenic pyrogenous materials may be considerably 
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expanded from clinical data. Soot, as the agent in chimmey-sweeps’ 
cancer, has, in the hands of Passey, yielded, after alkalinization and 
extraction with ether, a material that produced cancer in 50 per cent of 
treated mice that survived after three months. Later he and Carter- 
Braine were able to obtain an active fraction in this material after 
distillation at 20 mm. pressure at a temperature of over 190 C. Oliver 
reported the unduly frequent occurrence of skin cancers in asphalt 
workers and in makers of lubricating grease, this grease consisting of 
a mixture of coal oil, lime and resin, mixed hot, and gaining contact 
with the skin in this heated state. Kirk, Davis and Kuntzel published 
clinical discussions of paraffin oil cancers, long previously described by 
Volkmann, and Wood observed that this is a matter of the crude product, 
pure paraffin lacking this effect—though Davis has reported the 
occasional development of malignant growth in the granulomas caused 
by the deep injection of presumably pure paraffin. Shale oil, largely 
used as a lubricant in the cotton-spinning industry of Great Britain, in 
circumstances that permit the saturation of the anterior portion of the 
clothing of the operatives, was definitely shown to be the cause of 
so-called “mule-spinners’ cancer” by Leitch, who caused tumors in 
mice even with rather highly refined oils from this source. Scott found 
that the Shale oils contain persistent sulphur compounds, in which 
respect they apparently differ from most other cancerogenic substances, 
and that their harmful effect is enhanced by repeated distillations ; 
Twort and Ing showed that the effect is not altered by the use of the 
oil as a lubricant, and that the higher boiling fractions are the most 
active, the shale oils in general comparing with the coal tars in cancer- 
ogenic power. Incidentally, the onset of the shale oil cancers is preceded 
by a period during which the skin is the site of relatively quiescent 
warty growths, described by Cochrane, similar to those that frequently 
precede tar cancers in animals and man. Although Norris in 1914 
reported that the active material of coal tar was contained in the 
anthracene fraction, this, as has been seen, has not been substantiated 
by experimental evidence, and anthracene and the anthracene oils do 
not appear to be a frequent cause of cancer in human beings, occasional 
cases only having been reported by Teutschlaender and by O’Donovan, 
the latter having seen it in elderly workers in impure anthracene. Of 
other substances of the general class of those discussed here, there may 
be mentioned pine tar which induced cancer in a case reported by 
Veiel, and creosote, which in an apparently altogether exceptional case, 
cited by Cookson, by long-continued irritation produced cancer of the 
skin of the hand. 

Apropos of chimney-sweeps’ cancer, the disease no longer appears 
to be of industrial importance, as in late years it has shown greatly 
diminished incidence. This was ascribed by Butlin to the use of more 
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protective clothing and greater care as to personal cleanliness, and by 
Lawson to the diminished commercial demand for soot; the latter did 
not attach any importance to the prohibition by law of the use of 
children as sweeps, owing to the fact that this cancer almost never 
developed during childhood—fallacious reasoning in light of later 
knowledge of the latent period of the irritational cancers. Richter, 
writing of chimmey-sweeps’ cancer in Germany, accounts for its almost 
complete disappearance there as due to increased care in regard to 
cleanliness. 

Scharlach R and the Fat-Soluble Dyes—Another group of sub- 
stances capable of inducing active epithelial proliferation is that of 
the fat-soluble dyes. In 1906 B. Fischer reported experiments in which 
he observed, after the subcutaneous injection of scarlet red, extensive 
overgrowth of the squamous epithelium, which he interpreted as being 
due to an attractive action of the dye for the epithelium. Although the 
local changes were almost indistinguishable from those of cancer, they 
were not indefinitely progressive, although Fischer believed they would 
become so if the chemotactic action were sufficiently continued. Similar 
effects were seen with sudan III and with isophenol—all alike in the 
matter of fat solubility, but as regards isophenol of quite unrelated 
chemical character. Surface application did not produce this effect. 
McConnell and Helmholtz in the next year confirmed Fischer’s findings, 
and the latter observed in one instance what appeared to be proliferation 
of mesothelial elements as well, in the form of numerous free islands 
of cartilage in the treated ear of a rabbit, apparently formed by meta- 
plasia from fibrous connective tissue. Barratt likewise confirmed 
Fischer’s results, and reported that in the proliferating epithelium there 
was a frequent occurrence of reduced mitoses, with from 14 to 18 
chromosomes as compared with the normal somatic count for the rabbit 
of from 28 to 36. Snow, on the other hand, observed after the injec- 
tion of scarlet red at most only the changes of a relatively slight chronic 
inflammation. Although Fischer’s experimental results were in gen- 
eral confirmed, his explanation was not so usually accepted. Jores 
called attention to the fact that there did not appear to be any evidence 
that the dyestuff attracted the epithelial growth, nor indeed that it 
affected this tissue at all unless already in contact with it; he and 
Wyss and Stahr regarded the element of the mechanical pressure of the 
injection as an essential factor, which, exerted within the limited volume 
of the rabbit’s ear, either separated the epithelium from its normal 
contacts and so forced it to obtain nutrition at the expense of the 
adjacent cells (Wyss), or, acting in addition to the destructive effect of 
the dye, caused a hyperregeneration (Jores). Although they added 
little additional light on the causation of cancer, Fischer’s experiments 
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served to introduce the use of these dyes into medicine as stimulants 
to epithelial repair, as in sluggish ulcers, a use suggested by Krajca and 
by Schmieden, and obviously not in accord with the importance of 
mechanical pressure as alleged by Jores, Wyss and Stahr. Werner 
in 1908 found that the injection of strong solutions of scarlet red would 
vreatly accelerate the growth of inoculated tumors, an effect that did 
not appear to be chemotactic, but irritative. Practically all the earlier 
work on scarlet red and related substances was done on rabbits; in 
the rat, however, Levin found that its effect was outstandingly that of 
stimulation to connective tissue growth. Stoeber obtained results 
similar to those of Fischer with a large number of fat-soluble dyes, 
the most effective of which he found to be naphthylamin; he, too, 
would dismiss Fischer’s chemotactic theory, since in hair follicles he 
observed that the effect was that of a general concentric hypertrophy ; 
but in his experience direct contact between the dye and the growing 
epithelium was unnecessary. Meyer regarded the epithelial overgrowth 
as essentially a chronic inflammatory change occasioned largely by local 
circulatory changes; it did not take place in the absence of connective 
tissue overgrowth, nor of the accompanying hyperemia. While Hay- 
ward regarded amido-azotoluene as the active ingredient of the scar- 
let red, White reported that similar hyperplasia could at times result 
from the injection of oleic or palmitic acids, though not of neutral 
fats or of fatty acids plus cholesterol. That’ the epithelial growth 
incited by irritants of this type is delimited is a matter of rather general 
agreement—Mori, Haga, Marie and Clunet, Bullock and Rohdenburg, 
von Lamezan and von Hansemann all failing to obtain growth of more 
than limited nature, Haga even after the additional action of cancerous 
juices, with injections into the mammary gland. Bullock and Rohden- 
burg, indeed, observed that cessation of proliferation took place even 
before the complete absorption of the injected material, and ascribed 
the growth to the action of the irritant in causing a continuous, albeit 
limited, amount of cellular death, with the ensuing disturbance of 
equilibrium the essential factor in the determination of the hyperplasia. 
More recently, however, there have been a number of reported instances 
of induction of true malignant tumors by the use, usually in combi- 
nation, of this class of substance. Umehara reported that in the case 
of a transferable benign tumor of the rat he was able, by the injection 
of sudan III, to cause it to take on the features of a malignant growth, 
although these tended to disappear in later generations. Yamagiwa 
and Ohno produced 3 carcinomas in fowls by the injection from 1 to 
5 times, of an oily solution of scarlet red into the wall of the fallopian 
tube. Eber, Klinge and Wacker found that a diet rich in scarlet red 
and cholesterol accelerated the development of tar cancers in mice, and 
that the diet alone could cause in these animals internal changes of 
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degenerative character, especially hepatic cirrhosis, such as are found 
in tarred animals. In connection with the administration of arsenic. 
Fischer-Wasels reported that repeated injections of scarlet red into the 
breast in rats caused cancers of that organ. Additional negative results 
are those of Burckhardt, who failed to obtain cancerous growth in 
autoplastic transplantation cysts after the injection of scarlet red— 
similarly negative results were obtained in these circumstances with tar 
as well—and of Strauch and Bernhardt, who found that even after 
splenectomy or other interference with the reticulo-endothelial system, 
scarlet red was without cancerogenic effect. 

Tobacco.—Akin to the action of the various pyrogenic agents in 
the excitation of cancerous growth, at least in the sense that the action 
is largely a local one, is that of tobacco. As has been stated, this effect 
was first described by Soemmering in 1795. Knowledge of the sub- 
ject rests almost exclusively on clinical observation, as experimental 
investigation has as yet yielded results in no way comparable to those 
obtained with tar. The only absolutely successful attempt at causation 
of cancer by tobacco has only very recently been reported by Roffo, 
who painted the ears of rabbits over long periods with a watery solu- 
tion of its combustion products, and so produced skin cancer in 1 
of 10 animals. Brosch in 1900 tried the effect of applying tobacco 
juice to the skin, and observed after this atypical, but not cancerous, 
proliferation. Similar results were obtained in 1910 by Stoeber and 
Wacker, using pyridine, and in 1912 Wacker and Schminke obtained, 
with tobacco tar applied to the ear of the rabbit, extensive and atypical 
epithelial overgrowth, in some cases with actual invasion of the under- 
lying cartilage, but no definite malignancy. In 1923 Hoffmann, Schreus 
and Zurhelle prepared a tobacco tar as free as possible from nicotine, 
to avoid the intoxicant effects of this. With this, applied to the skin 
of the mouse 3 times a week for 80 weeks, there was observed an initial 
falling out of the hair, with localized hyperkeratosis, which was fol- 
lowed by a temporary reappearance of the hair, but no changes occurred 
other than such as were of obviously inflammatory character. In 1928 
Helwig, using an unmodified tobacco tar also on mice, produced exten- 
sive ulcers, which, however, healed when the applications were dis- 
continued ; if to the tar there was added a chloroform-ether extract of 
tobacco, atypical epithelial overgrowth of limited character followed, 
which later disappeared spontaneously. Some indirect experiments of 
Freund and Kaminer are also of interest; they found that while nor- 
mal rat epithelium preserved its destructive action on cancerous epi- 
thelium after as long as 3 days’ immersion in salt solution, immersion 
in tobacco juice quickly destroyed this power. On the clinical side, 
however, the evidence is on the whole direct and convincing, especially 
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as concerns carcinoma of the lip. After Soemmering, Rechnitz, Melzer, 
Stugocki, Bouisson, Thiry and Rapok are among the earlier clinicians 
who emphasized the importance of tobacco in the causation of these 
cancers. Additional, albeit indirect, evidence is afforded by the sex 
distribution of this particular form of cancer, and while the several 
collections of data naturally show considerable variation, they all 
emphasize its preponderance in the male sex. Janowsky, Steiner, 
\Worner, Bencke, Ribera y Sans, Butler and Melzer are in approximate 
agreement with a relative incidence in the two sexes of about 10:1. 
Lortet places it at 7.1: 1, Bryant at 17:1, Warren at 18:1, and Broders 
as high as 49:1. Von Haberer observed that in the Puster Valley of 
the Austrian Alps, where smoking of the pipe is especially common 
among the women, cancer of the lip is correspondingly more common 
in this sex. A similar observation has been made in this country by 
Petiit as regards the greater frequency of this cancer in Negro women. 
Practically all of these reports emphasize the importance of pipe smok- 
ing, a point that is especially brought out by Broders, who, in 573 cases 
of cancer of the lip, found that while the proportion of the patients 
who were smokers was approximately the same as that of smokers in 
the general population—about 80 per cent of the men—the proportion 
of pipe smokers among the persons with cancer was 78.5 per cent, while 
among the general population it was only 38 per cent. Kraft found 
that cancer of the lip is becoming less frequent in the Tyrol with the 
diminished use of the pipe, and Czerny reported a similar observation. 
Occasional special cases serve to emphasize the relationship between 
cancer of the lip and smoking of the pipe. Scherber called attention to 
the fact that these cancers usually develop at the point where the pipe 
is habitually held, and von Hansemann reported a case in which, after 
operative removal of a cancer of the lip, the patient held his pipe on 
the opposite side of the mouth, and a second cancer developed there. 
But other uses of tobacco are also associated, though somewhat less 
definitely, with the appearance of cancer. Carcinoma of the tongue in 
its relation to the tobacco habit has been discussed by Bloodgood, White- 
head, Pannell, Schmidt, Caird, Foerster, Abbe, Kirkes, Coole, Billroth, 
Eicke, Gorse and Dupuich, Steiner, Schuchardt, Weber, Bottini, Hof, 
Czermak, Tiedemann, Krénlein, Cortyl, Menetrier, Butlin and Lazarus; 
and with special reference to the chewing of tobacco, by Rapok, Bot- 
tin, Prinzing and Ochsner. The relations of carcinoma of the other 
oral surfaces to the tobacco habit are the* subject of discussions by 
Spencer, Steiner, Maurange and Faguet, Schuchardt, Abbe, Ribera y 
Sans, Feldman, Heidrich, von Langenbeck, Schumacher and Birnbaum. 
An observation by von Esmarch in this connection is of special interest. 
In certain islands of the North Sea, youths who wished to learn the art 
of tobacco chewing were accustomed to obtain from the taverns the 
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unconsumed residue of the pipe smokers, and after retirement to a 
secluded neighborhood, to chew this, mixed with pipe juices, until they 
either became adept or too ill to continue. There is in these islands an 
uncommon frequency of cancer of the posterior oral cavity, which 
otherwise is very rare, especially in young persons. One may add 
parenthetically that it is very improbable, in the light of experimental 
evidence, that one exposure to even so drastic a procedure as this 
would suffice to cause cancer; but in a person inured to the effects of 
tobacco in this manner, excessive continued usage might logically be 
expected. 

In a comprehensive and excellent review of the relations of tobacco 
to cancer, Lickint undertakes to make out a case for the implication of 
tobacco as a factor in the causation of carcinomas of the upper digestive 
tract—esophagus and stomach, as well as liver—principally on the 
grounds of its known physiologic effects. No small part of the evi- 
dence takes the form of the greatly unequal sex incidence of these 
cancers, and Lickint joins with Prout, Lundahl, Percy, Hof and Hoff- 
mann in assuming that such a relationship exists. Necessarily, how- 
ever, it is much more conjectural than is the relationship of tobacco 
to oral cancers, and this is true, too, of pulmonary cancers, which 
Lickint also believes are related to the habitual use of tobacco, concur- 
ring in this with a number of clinical observers, Perret, Joannovic, 
Kanngiesser, Berblinger, Fahr, Hochstetter, Ferenczy and Matolzsy, 
and Schonherr, all of whom are inclined to ascribe the recent definite 
increase in these cancers to the growing use of cigarets. To a certain 
extent this view is supported by the occupational incidence of these 
tumors—their especial frequency in innkeepers, waiters, etc., as shown 
by Young, Russell, Brownlee, Collin and Seyfarth, and, with special 
reference to tobacco dust, the occurrence of pulmonary cancers in cigar 
and cigaret makers, reported by Seyfarth, Krompecher, Heilmann, 
Behla, Benda, Brinkmann, Enger, Langbein, Borst, and Jaeger and 
Kolb. 

With the upper respiratory passages the evidence is possibly some- 
what more definite, although still indirect. As regards the nose, little 
effect could be expected with the present methods of tobacco consump- 
tion; but Merat, writing in 1826, when snuff was still extensively 
used, believed that there was an association between that habit and 
nasal cancer. In the larynx there is again a preponderance of cancers 
in men, a preponderance that is ascribed at least in part to the use of 
tobacco by Fiirbringer, Gerhardt, Schech, Philippson, Loebisch, Jankau 
and Young, Russell, Brownlee and Collin. 

Lickint is inclined to implicate tobacco also in the causation of can- 
cers of the urinary bladder, again in large part on indirect and physi- 
ologic grounds, as well as on the basis of unequal sex incidence. 
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\\ith cancers of the lip especially, in their relations to tobacco, it 
must be borne in mind that in addition to the probable specific irritation 
of certain constituents of the tobacco, other irritational elements must 
certainly play a part. The fact that cancer of the lip is so predominantly 
a cancer of pipe smokers would seem certainly to implicate these 
factors as at least accessory, particularly those of heat and probably of 
mechanical irritation. Not only is cancer particularly a disease of pipe 
smokers, but more especially of clay-pipe smokers, as has been pointed 
out by Hulke and by Cooper. Here the additional irritative factors 
are especially conspicuous; disregarding the facility which the rather 
porous stems of these pipes afford for the seepage of pipe juices, they 
are rather good conductors of heat, and the adhesion of the superficial 
epithelial layers to the stem affords a constantly repeated source of 
mechanical irritation. Short-stemmed pipes are blamed by Vulpian 
and a number of associates, copper-stemmed pipes by Melzer and von 
Bruns; obviously with both types opportunities would be greater for 
excessive heating of the epithelium; on the other hand, Rechnitz, who 
found the disease usually associated with the use of wooden-stemmed 
pipes, ascribed this to the fact that they permitted a rather free escape 
of the pipe juices. Additional, though rather conjectural, evidence of 
the action of the accessory factors is possibly afforded by the usual 
location of the cancers on the lower lip, although quite probably the 
chemical irritation would also be more intense here. In the oral cavity, 
accessory factors play a definite rdle; especially is this true of syphilis, 
as has been pointed out by Bloodgood, Scherber, Kiittner, Villanova, 
Bejarano, and Fournier and Poirier and, with special reference to pre- 
cancerous leukoplakia, by Bloch, Ryall, Erb, Kopp and Zeissl. 

In view of the almost exclusively clinical character of the evidence, 
little that is definite can be said of the mode of action of tobacco as a 
cancerogenic agent. As regards the chemical identity of the agent, 
Loebisch would ascribe the cancerogenic effect to creosote, which is 
only conjecturally present in tobacco fumes and is only exceptionally 
associated with the causation of cancer. Philippson would ascribe the 
effect to nicotine, in common with the cancer-producing power that 
he attached in general to the nitrogen-carbon ring compounds. Pyridine 
was suspected by Stoeber and Wacker. Tobacco cancers have even 
been explained on the basis of infection, by Jankau, who believed that 
the fumes produced a local region of lowered resistance. Incidentally, 
there is in the literature a curious incident of linked occurrence of 
cancer, reported by MacLeod in reference to the possible infectious 
etiology of cancer, but equally open to other interpretations, in which 
an inveterate pipe smoker, who died of gastric cancer, made gifts of 
used pipes to three friends, all of whom died of cancer in the next few 
vears—of tongue, stomach and colon, respectively. 
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Betel—Another of what may be termed habit carcinomas is that 
shown by the betel, or buyo, chewers of the Orient. This habit, of 
rather widespread distribution particularly in Malaysia, involves the 
mastication of a quid formed most simply of a bit of the nut of the 
areca palm, wrapped with slaked lime in leaf of betel, a species of pep- 
per; it has been reported as associated with unduly frequent cancer of 
the mouth in India and Ceylon by Bashford, in Siam by Mendelson 
and Ellis, and in the Philippines by Davis. In its inception the added 
irritation of carious teeth wouid appear to play an important part. It 
is true that Leitch questioned the relationship of the habit to cancer, 
on the ground that the disease is relatively infrequent when the enormous 
number of betel chewers is considered. However, in Travancore, in 
southern India, Bentnall found that buccal cancers constituted 34.9 
per cent of all cancers, and that these occurred at an age averaging 
20 years younger than in Great Britain, a frequency and an 
incidence that he ascribes to the current habit of betel chewing. And 
in Davis’ experience there appeared to be an unquestionable direct 
relationship, which was emphasized by the decidedly early age of usual 
incidence, about 31 years. Which of the several ingredients is pri- 
marily or principally responsible is of course uncertain; Davis believed 
that the lime was principally concerned; but the coca chewers of the 
Andean highlands, who are stated also to add lime to the coca leaves 
before chewing, do not show any especial frequency of buccal cancers, 
if absence of reports to this effect can be regarded as evidence. 

Aniline—Another chemical irritant known to be a cause of cancer 
almost entirely through clinical observation alone, and which differs 
from those hitherto discussed here in that the cancerogenic effect is 
remote, is some form or forms of aniline product, and the cancers 
associated with it are altogether predominantly of occupational char- 
acter. Rehn in 1895 reported several cases of vesical cancer that had 
occurred in workers manufacturing fuchsin dyes; he called attention 
to the urinary suppression and hematuria observed in these workers 
especially in hot weather, and emphasized the factor of the somewhat 
specific chronic irritation in the causation of the cancers. The liability 
of these workers to urinary disturbance had been noted by Grandhomme 
in 1878, and again by Starck in 1892, but tumors in these circumstances 
do not appear to have been reported prior to Rehn. Two more cases 
of tumor of the bladder in like conditions were added by Leichtenstern 
in 1898, and in 1912 Leuenberger reported that of the cancers of the 
urinary bladder seen in 50 years at the clinic at Basle University, over 
one-half had occurred in employees in the aniline industries. Leuen- 
berger regarded the aromatic compounds, especially the hydroxylated 
aromatic amido compounds, as the responsible agent. Nassauer in 
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1919 and 1920 found that the cancers were not entirely restricted to 
employees, but that they were also found among persons residing near 
the chemical plants, and from this deduced that the inhalation of fumes 
might suffice for their production. In his opinion aniline itself was 
responsible. Several studies of these cancers appeared in 1920. 
Schwerin was able to report successive stages in their development— 
both acuminate and villous papillary tumors, warty excrescences, ses- 
sile carcinomas and generalized papillomatosis of the bladder, which 
in their diversity and long course are reminiscent of the experimental 
tar cancers, as is the long latent period to which Schwerin called atten- 
tion. Oppenheimer in a study of 20 of these tumors believed that 
they could be traced to a number of chemical substances—benzidine, 
aniline and various aniline dyes. In his cases there was a latent period 
from the time of first employment to that of first symptoms varying 
from 9% to 28 years. He could find no relation between the type of 
tumor and the particular agent apparently responsible. As concerns 
benzidine, one of the substances implicated by Oppenheimer, Nassauer, 
who had not observed cancer in employees working on pure pulverized 
benzidine, had been inclined to dismiss this from consideration as a 
causative agent. Jaffe attempted to study the production of these can- 
cers experimentally by exposing mice, rats and rabbits over periods 
of from 6 months to 1 year and more to the vapors of aniline, toluidine 
and naphthylamine, but was quite unsuccessful in the induction of 
tumors of the bladder in these animals. 

In a rather recent article, however, Schar stated that in rabbits 
exposed to the inhalation of fumes of naphthylamine there were found 
in the bladders of the surviving animals, after a year, epithelial meta- 
plasia, increase and round cell infiltration of the connective tissue and 
in two animals, papillary tumors of the bladder, one of which was 
evidently malignant. Engel, approaching the problem from the point 
of view of excretion, found that betanaphthol appeared in the urine of 
dogs as sulphates or glycuronates of the amidonaphthols, and similar 
substances were demonstrated in the urine of human beings, especially 
in that of employees exposed to inhalation of the dust of the aniline 
materials, by Kuchenbecker, although they were present only in 
extremely minute quantities. In experiments in which he fed various 
amido compounds to laboratory animals, he found that as a rule these 
were eliminated as harmless sulphates, except in the case of alpha- 
naphthylamine and beta-naphthylamine. Hamilton offered the sugges- 
tion that the cancers of the bladder originating in the aniline industries 
may be ascribed to the presence of arsenical impurities. As against 
this view is the very considerable evidence that cancers of arsenical 
origin have never been observed in the urinary tract and are almost 
exclusively found in the skin. 
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As pertaining to the long latent period, that this is not occasioned 
entirely by the necessity for prolonged exposure has been indicated by 
Posner, who reported cases in which the industrial contact had ceased 
years before the first appearance of a tumor. 


Arsenic.—Unlike the cancerogenic irritants hitherto considered, 
arsenic appears to be responsible not so much for the development of 
cancers locally, as for a generalized effect in which the appearance of 
cancer is associated with the additional action of other factors. What 
appears to be the first reference to this action of arsenic is that of 
Lambe, who in 1809 expressed the belief that arsenic in potable water 
was the cause of malignant disease. In 1820 appeared the statement 
by Paris already cited; the first definitely authentic evidence of the 
relationship of arsenic to cancer appeared in the report by Hutchinson, 
in 1887, in which he cited the development in several persons, after the 
long ingestion of arsenic, usually for psoriasis, of cornlike lesions on 
the palms or soles, which later became cancerous. A considerable num- 
ber of similar instances have been reported, one indeed, that of White, 
preceding the appearance of Hutchinson’s report, but lacking the sug- 
gested association of the arsenical medication with the later cancer; 
after Hutchinson, cases were reported by Ullmann, Crocker and Pernet, 
Darier, Lane, Hartzell, Bland-Sutton, Schamberg and Wile. Nutt, 
Beattie and Pye in 1913 were able to tabulate 30 cases of this sort, 
and since then additions have been made by Semon and Aliferis. Prac- 
tically all cases resulted from arsenical medication, principally for 
psoriasis, but a significant feature repeatedly mentioned in the reports 
is that the cancers usually develop on the hands or feet, and very sel- 
dom at the site of a psoriatic lesion; or they may be multiple, as in 
the case of Lane, and even then seldom show relationship to such a 
lesion. In general, the period of the ingestion of arsenic was long, and 
may have ceased a considerable time before the appearance of the can- 
cer; in the case reported by Crocker and Pernet, none had been taken 
for 38 years, in that of Wile, for 8 years, and in that of 
Semon, for 13 years. Another significant feature is the relatively early 
age at which these cancers may appear; in the series collected by Nutt 
and Beattie, 25 per cent of the patients were not over 35 years of age. 
Differing from the foregoing cases in mode of ingestion are the cases 
reported by Geyer, in which this was either by means of arsenic- 
impregnated water or by the inhalation of dust from neighboring 
arsenic mines. To this latter category possibly belong also the fre- 
quent cancers of the lung seen in the miners of the Schneeberg district. 
as described by Rostoski, Saupe and Schmorl ; but the ores there, in addi- 
tion to a high arsenic content, contain a wide variety of minerals—cop- 
per, iron, silver, cobalt and other metals—so that the evidence here is not 
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as definite as in the case of medicinally administered arsenic. Although 
in the case of the skin cancers following ingested arsenic the action of 
the latter, as has been stated, appears to be remote and of a rather gen- 
eral character, evidence is not lacking that with suitable local applica- 
tion the effect may be manifested at the point of application. 
O'Donovan reported a case of skin cancer in such circumstances, fol- 
lowing the constant (occupational) irritation by arsenic dust; the 
Schneeberg cancers as described by Rostoski and his colleagues, to the 
extent that their etiology appears to be associated with arsenical dusts, 
appear to be other examples, as do those of the Joachimsthal mines 
reported by Léwy, although in both radioactivity may play a part. With 
the Joachimsthal lung cancers, indeed, Sikl, who found no less than 8 
of these tumors in the 15 miners who had died during the period covered 
by his report, regarded radiant emanative material as the probably 
responsible agent. On the experimental side, Simoes-Raposo reported 
that by applications of an ointment containing arsenious oxide to 
the ears of rabbits, he produced cutaneous lesions ranging from 
hyperplasia to cancroid tumors. The relations of arsenic to experi- 
mental cancer have been the subject of a considerable amount of 
study. In 1915 Funk studied the effects of the administration 
of arsenic on the course of the inoculated tumors of fowls, with- 
out finding any definite evidence of action; a similar experiment by 
Schiller in 1926 likewise yielded essentially negative results. In 1922 
Leitch and Kennaway fed arsenic trioxide to rats and mice without 
observing the development of malignant tumors; but the death rate 
was high from intoxication. Ciechanowski reported that the appear- 
ance of papillary and other precancerous changes in the skin of tarred 
rabbits could be accelerated by the administration of arsenic to them, 
and Askanazy in 1927 reported that by repeatedly injecting dilute solu- 
tions of arsenious acid into transplanted rat embryonic tissues, malig- 
nant growth of these occasionally was obtained; in adult rats in the 
gastric walls of which there had been implanted fetal visceral tissues, 
the feeding of arsenic was found to induce tumor growth. The experi- 
ments of Carrel and of Fischer, who indticed malignant growth of 
embryonic tissue of fowls, the one after implantation into the adult 
animal, the other in vitro, by means of arsenic, have been cited. Petroff 
and Krotkina reported successful causation of transferable sarcomas 
in the rat by intraperitoneal injection of suspensions of rat embryo 
cells along with solutions of arsenic or of indol, followed by repeated 
administrations of arsenic or of indol. However, a considerable num- 
ber of more or less close repetitions of the work of Carrel have led 
only to negative results. Leitch with a similar experiment on 40 
fowls, Kauffmann in 30 attempts, Collier and Hartnack with a similar 
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experiment conducted with mice, and McJunkin and Cikrit with rats 
have all been unsuccessful, except in the case of 1 animal in the hands 
of the last-named experimenters. Fischer-Wasels found that in experi- 
mentally arsenicized mice local mechanical injury was insufficient to 
produce tumor, but that if scarlet red was injected into the breasts of 
female mice treated with arsenic, carcinoma developed in 5 of 18 sur- 
viving animals. The effect of arsenic on tumor metabolism was inves- 
tigated by Dresel, who found that while weak solutions of arsenious 
acid inhibited the respiration of the Jensen rat. sarcoma with some 
rapidity, the fermentative activity persisted considerably longer, being 
reduced, however, to about 50 per cent of its normal level after 3 
hours. 

Although many of the experimental studies of arsenic have indi- 
cated its ability to act as a local cancerogenic agent, its outstanding 
clinical significance, as stated, appears to be as an agent that seems to 
cause a decided increase of predisposition to cancer, so that under its 
influence cancers may appear in the human being at an unusually early 
age, and in sites that are commonly spared, but in which an added 
element of irritation that in ordinary conditions would be inadequate 
comes into operation. The only evidence of the nature of this increased 
predisposition is furnished in the account by Fischer-Wasels of the 
experiments of Biingeler, who observed in the tissues of rats to which 
arsenic had been administered in small doses over long periods a dis- 
tinct but slight reduction of oxidative activity, an increase of anaerobic 
glycolysis and the appearance of aerobic glycolysis. Similar effects 
were observed after the application of tar over considerable periods, 
and with both agents the effect was most pronounced in the skin, 
although apparent elsewhere as well. 


Indol.—The action of indol as a cancerogenic agent in many ways 
parallels that of arsenic, particularly as regards the usually general 
nature of its action. Aside from the possible association of cancer 
with intestinal stasis—an association that is more conjectural than 
proved—present knowledge of this effect is based practically entirely 
on experiment. Stoeber and Wacker, in a study published in 1910 on 
the effect on tissue proliferation of products of protein cleavage and 
putrefaction, observed atypical epithelial overgrowth after the injection 
into the rabbit’s ear of pyridine, indol and skatol, the growths obtained 
with the two latter substances being morphologically indistinguishable 
from human epithelioma. Greischer in 1912 found that the effect 
depended largely on the length of the contact, and could be affected 
by associated hyperemia, as after section of the sympathetic nerve the 
arterial hyperemia reduced the degree of hyperplasia, while venous 
hyperemia after ligation enhanced the amount of growth. Fischl, who 
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repeated Stoeber and Wacker’s experiments in 1925, observed no 
decided changes, nor was any effect manifested after repeated applica- 
tions, over a period of 6 months, of an indol ointment to the skin of 
mice. The experiments of Carrel, in which indol and embryonic tissue 
injected together into fowls developed into sarcoma of the Rous type, 
and of Petroff and of Krotkina, just cited, are the most definite indi- 
cations of its cancerogenic effect. In some recently published experi- 
ments, Choldin believed that he was able to show that small doses of 
indol or of arsenic trioxide increase the susceptibility of mice to tar 


cancer. 

Occasional Chemical Irritants—In addition to the chemical irri- 
tants that appear to have a specific cancerogenic effect, there is a wide 
range of agents that appear to have caused cancer as an occasional, 
rare and usually late sequel. Bland-Sutton reported a case of skin can- 
cer originating in the site of a burn caused by sodium hydroxide, and 
Narat in 1925 observed the occasional appearance of growths morpho- 
logically indistinguishable from skin cancers after the long application 
of potassium hydroxide or hydrochloric acid to the skin of mice. 
Findlay cited a case of conjunctival cancer after a splash of carbolic 
acid, Mishell one of skin cancer 7 months after a slight sulphuric acid 
burn, Berner one of multiple carcinomas of the esophagus and stomach 
4+ months after the swallowing of strong ammonia and Kliment, one of 
cancer of the esophagus in an inveterate sulphur eater. The etiologic 
relationship of alcohol to cancer, which has been alleged principally on 
the evidence of the histories of victims of cancer of the alimentary 
tract, received apparent confirmation by Krebs, who reported the 
development of carcinoma in the colon of 2 of 16 mice given repeated 
intrarectal injections of 50 per cent alcohol. Michalowsky reported 
that teratomas could be caused in the cock by the injection of zinc 
chlorate solution, although there is no evidence that these tumors were 
malignant. In connection with the diverse character of these agents, 
it is of some interest that Rosenstein could observe no evidence of the 
induction of tumor after the long-continued application of iodine to 
the skin of mice. Considering the only occasional occurrence of rela- 
tionships such as have been just cited, it would appear that the effect 
of the agent in these cases was simply the induction of an inflammatory 
or regenerative hyperplasia which, owing presumably to an element of 
individual predisposition, became unlimited. 


PHYSICAL IRRITATION 
Mechanical Injury.—Although the part played by chemical irritants 


as agents in the production of cancer may be regarded as firmly estab- 
lished by both clinical and experimental evidence, the rdle of physical 
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trauma in this connection is, for rather obvious reasons, in general 
more difficult to determine. This is particularly true of mechanical 
trauma, because of the usual possibility of the action of associated 
factors. So, for instance, the frequent relationship of- cancer of the 
penis to phimosis, to which Hey called attention in 1823; the frequent 
occurrence of skin cancers in the scars left by flogging on the backs of 
sailors, reported by Hawkins in 1835; cancers developed at the sites 
of old burns, described by von Bergmann in 1873, all suggest such an 
association, but do not exclude the action of other influences as well. 
The same is true of the very definite relationship between gallstones 
and carcinoma of the gallbladder, repeatedly discussed in the literature, 
and recently, and at some length, by Luelsdorf. Even the experimental 
work along this line, in which Bullock and Rohdenburg, Kazama, and 
Maisin and Picard reported the development of neoplasms, either 
benign or malignant, after the introduction of solid material into the 
gallbladders or urinary bladders of laboratory animals, leaves open the 
possibility of chemical or bacterial irritation even in those instances 
in which the element of chemical irritation was not intentionally intro- 
duced. Other clinical instances of the not unquestionable effect of 
mechanical irritation in the induction of cancer are those of the fric- 
tion on the oral mucosa of diseased teeth, to which Morris called atten- 
tion in 1882; the cases cited by Schwarz of the development of tumor 
in phalanges chronically subjected to mechanical irritation, in one case 
by an embedded thorn, in another by repeated pricking by a tailor’s 
shears, and of carcinoma of the cervix in which an ill fitting pessary 
had been the cause of prolonged mechanical irritation, as in the case 
cited by Dyas. In none of these can it be proved that mechanical irrita- 
tion was the sole factor. The same holds true for the more or less 
experimentally observed development of epithelial hyperplasia, in 
some cases cancerous, observed on the tongues of rats as a result of 
the embedding there of oat hairs, reported by Stahr and by Secher. 
At least one case reported by Zahn, in which he observed the appear- 
ance of a primary carcinoma of the liver at a site irritated by the fric- 
tion of a deformed rib, would come more nearly to meeting the proba- 
bility of purely mechanical injury of chronic character as the induc- 
tive agent of cancer; his second case, in which a similar cancer was 
apparently caused by the mechanical effect of dense adhesions between 
liver and colon, does so to a less degree. A case reported by Stahr, of 
epithelioma of the thumb of a shoemaker’s apprentice, appearing at the 
spot where it was repeatedly pricked by his needle, at the early age of 
17, appears to rest on an almost purely traumatic basis. Of rather 
uncertain character are the cases of Henson, in which natives of Natal 
showed a frequent incidence of malignant melanotic tumors of the foot. 
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which Henson associated with the deep cracks in the skin of the soles 
during the dry season. 

With single, acute mechanical injury, the probable accessory action 
by other factors is of course less, but cannot always be excluded. 
Numerous instances are reported in the literature of the development 
of sarcomatous tumors in these circumstances. Londner in 1885 
reported a spindle cell sarcoma of the breast that appeared immediately 
after such an injury; Léwenthal in 1895 was able to collect 137 cases 
of malignant tumor of the breast in similar circumstances ; Lengnick in 
1899 reported 13 sarcomas and 2 carcinomas that appeared to have been 
caused by a single injury; Lowenstein in 1906, in a review of a large 
number of cases, found the element of acute trauma present in 40 per 
cent of sarcomas; Orth in 1907 reported 2 cases; Rapok found trau- 
matic antecedents in approximately 10 per cent of sarcomas; Coley, in 
23 per cent. A curious form of precancerous trauma, among the curi- 
osities in sarcoma causation, was that reported by Ott, in 1910; he 
found that a sarcoma followed directly on the bite of a dog, and he was 
able to collect records of 4 similar cases. Maude Slye observed, in 87 
mice dying of spontaneous sarcomas, that 11 of the sarcomas were at 
sites of injury; in these mice there was a distinctly hereditary element. 
The relationship is much less frequent in the case of the carcinomas, 
though even with these tumors acute trauma appears to play a causative 
part occasionally. Ziegler in 1895 stated that single trauma apparently 
played a causative rdle in 35 of 328 cases of carcinoma. Coley in 1911 
reported that he had been able to establish a relationship to single 
acute injury in 37 cases diagnosed cancer of the breast. Especially 
interesting in this connection are the isolated cases in which the rela- 
tionship has been worked out in some detail: that reported by 
Schoppler, of a carcinoma of the breast apparently caused directly by 
the impact of a fall; that of Gerdes and Susewind, in which there was 
the rapid development of a branchiogenic carcinoma following acute 
injury, and the 2 cases reported by Schad, who observed that tumors 
with these antecedents are especially frequent in young persons, indi- 
cating the likelihood of a precancerous disposition. As a matter of 
fact, it is practically necessary to consider each case of alleged carci- 
noma of traumatic origin on its own merits. The relationship is of 
course one of great medicolegal importance, and certain criteria must 
be absolutely established to warrant the presumption of causal relation- 
ship in these circumstances. Lubarsch especially emphasized as such 
criteria: (a) proof of the injury, (>) the causation by the injury of 
immediately perceptible local effects and (c) a reasonable relationship 
of time between the injury and the appearance of the tumor. Léwen- 
stein added certain postulates that, while not entirely essential, are of 
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great significance in establishing the association: the immediate recog- 
nition of the severity of the traumatic lesion, with a sequel of still 
greater disturbance; an unbroken sequence of symptoms between the 
injury and the cancer; the presence of residues of the injured tissues 
in the cancer, and, if occurring at an early age, the absence of other 
causative factors such as possible heredity—although, obviously, rigid 
insistence on this last postulate would introduce injustice. He recog- 
nized, however, that each case must be considered with full regard to 
both clinical and pathologic features. Reported instances of the develop- 
ment of malignant tumors with traumatic antecedents in animals are 
not common. In addition to those of Slye that have been cited, 
Hewlett reported the frequent occurrence of horn-core cancer in Indian 
cattle, apparently caused by injury to that organ incident to their use 
as draft animals; Beatti reported a carcinoma of the ear of a sheep, 
evidently caused by an impacted thorn. Attempts to induce malignant 
tumors experimentally by mechanical trauma alone have on the whole 
been unsuccessful, with the exception of the vesical cancers hitherto 
referred to, and the oat-hair cancers in rats. Lowenstein attempted to 
cause cancers in experimental animals by means of traumatic displace- 
ment of epithelium, with complete lack of success. Even the sustained 
mechanical irritation of implanted kieselguhr, as has been seen, induces 
malignant hyperplasia so seldom as to exclude this from the practical 
methods of producing tumors. 

Thermal Injury—Thermal irritation, on the other hand, appears 
to bear a definite and unquestionable relation to the induction of 
tumors. The increased activity of heated tar in this connection has 
been mentioned. A number of cases have been recorded in which skin 
cancers can be traced quite definitely to single burns, though of course 
with many of these there is the added factor of known chemical irrita- 
tion. The kangri burns seen in Kashmir, which develop in the scrotal 
region as a result of the use of charcoal fire pots held between the 
thighs and beneath the clothing, to which Maxwell first called atten- 
tion in 1879, and which were reported in considerably more detail by 
Neve in 1910 and 1911, come in this category ; here, in addition to the 
evident element of thermal irritation, there is a possible added action 
by substances of pyrogenic origin, as has been suggested by Vaughan. 
Stahr reported the appearance, in a fireman, of a squamous cell carci- 
noma of the skin on the forearm where it was repeatedly exposed to 
the heat of the furnace ; while there is a possibility of associated chem- 
ical action in this case, it is slight, in view of the known lack of cancer- 
ogenic action by coal. Pickerell described several cancers that were 
traced more or less directly to burns—a rodent ulcer that appeared 
within 5 months of, and at the site of, a cinder burn; one that appeared 
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2 years after a cigaret burn, and with more doubtful relationships, a 
squamous cell carcinoma originating at the site of a burn of the lip 
incurred 15 years previously. Hauff reported a case of epithelioma of 
the face that appeared after a single severe exposure to heat and soot, 
but with an absence of actual burning of the skin. On the experi- 
mental side, the adjuvant action of burns in the induction of tar cancers 
has already been cited, including the production of cancers in tarred 
animals at sites not used for applications of tar. As concerns thermal 
change alone, Fuerst in 1898 found that repeated applications of mild 
degrees of heat or cold to the skin of animals caused epidermal thicken- 
ing, sometimes eightfold; but apparently nothing was seen that could 
be interpreted more definitely as tumor growth. Werner observed 
similar results after repeatedly freezing the skin of the rabbit’s ear 
with an ether spray. In a large series of mice that were subjected to 
repeated burning of the same areas of skin, Burckhardt and Miiller 
were unable to observe production of tumors, but as they were equally 
unsuccessful with the x-rays, their methods are not entirely beyond 
possible criticism. Berenblum reported that in mice there occasionally 
develop cancers at points on the skin subjected to repeated slight 
freezing with carbon dioxide snow. 

Injury by Radiant Energy—X-Rays: Radiant energy of the shorter 
wavelengths appears to exert a much more definitely cancerogenic 
action. Soon after the discovery of the x-rays, their effect in caus- 
ing a chronic dermatitis, frequently of hypertrophic character, was noted. 
Mihsam, and Baermann and Linser, described lesions of this sort 
in 1904, but apparently at that time cancerous sequelae had not as yet 
been observed. These appear to have been first reported by Wyss in 
1906, who even at that time called attention to the greater probability 
of such lesions developing if some condition of chronic change, such 
as lupus, had previously been present. He believed that the cancerous 
growth could be referred to nutritive alterations incident to the 
arteriosclerosis that is a prominent morphologic feature of the process. 
Porter and White a year later made a detailed study of the various 
stages of roentgen dermatitis and cancer, again calling attention to the 
obliterative endarteritis, and Schiimann in that year noted that after 
undue roentgen treatment for lupus, the sequel might at times be car- 
cinoma of the skin and at times sarcoma of the underlying tissue, an 
observation that was confirmed by Lindermann. In 1908 Rowntree 
published a very detailed account of the histologic changes caused by 
this agent, finding them in their earlier stages to be those of epithelial 
hypertrophy, followed by atrophy, which was associated with increase 
of the connective tissue of the corium, and ultimate denudation of the 
epithelium. The elastic tissues showed early superficial diminution, with 
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eventual complete disappearance here, but with an increase in the deeper 
tissues. In the accessory cutaneous structures, hair follicles and 
sebaceous glands, there were changes similar to those of the skin proper. 
Final unrestrained epithelial hypertrophy occurred late, but, in general, 
hypertrophy appeared to be caused by exposures of moderate severity 
only, heavier doses having an effect predominantly destructive. With 
the former type of dose, detachment of masses of epithelial cells was 
observed, and the writer ascribed the origin of the cancers to the 
stimulation of epithelial growth into a substratum of connective tissue 
that no longer offered normal restraint to epithelial invasion. He, too, 
called attention to the frequent occurrence of an obliterative endarte- 
ritis. Wohlbach in 1909 observed a slow augmentation of the power of 
growth on the part of the epithelium, accompanied by a progressive 
loss of differentiation, conditions that ultimately endowed the cells 
with the capacity for parasitic growth. In 1910 appeared the first 
reported instance of intentionally induced malignant growth by Marie, 
Clunet and Raulot-Lapoints—by the exposure of a rat to heavy, ulcer- 
ative doses of the x-rays. It is interesting, in connection with the 
difficulty of inducing carcinomas of the skin in this animal by tarring, 
to note that this tumor was sarcomatous. A second sarcoma similarly 
induced was reported by the same experimenters in 1912. Carcinoma 
has been induced experimentally by this agent in the rabbit by Bloch, 
and in the mouse by Jonkhoff ; in the guinea-pig sarcoma has been pro- 
duced by Goebel and Gerard, although in only 1 of 20 treated animals. 
In a study of the effect of the x-rays on metabolic processes, Frick 
and Posener found that it restrains glycolysis in part, but also reduces 
the restriction of oxidation on that process. 

Radium: Closely akin to the effects of the x-rays are those of 
radium, a similarity that was noted by Werner in 1905, who believed 
that the effects of both were due to their action on lecithin, making 
this more susceptible to cleavage by ferments. Experimentally, the 
induction of sarcomas in rats and mice by embedding under their skin 
tubes containing minute quantities of this material was reported by 
Daels, who also observed 1 carcinoma of the skin develop after this 
procedure, and in the breast of a mouse the appearance of a mammary 
adenocarcinoma after the insertion there of radioactive material 
embedded in a mixture of paraffin and kieselguhr with a trace of arseni- 
ous oxide—truly a shotgun mixture. Schiirch and Uehlinger, one and 
a half years after radium had been embedded subperiosteaily in the jaw 
of a rabbit for twenty days, observed the development of an osteogenic 
sarcoma at that point. Maisin injected ionium, a radioactive mate- 
rial that emits alpha rays only, and found that this not only 
hastened the induction of tar cancers, but in fowls, if injected intra- 
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venously after the implantation of embryonic tissue, greatly increased 
the growth of the latter, frequently to the point of sarcomatous develop- 


ment. 

Ultraviolet Rays: Ultraviolet rays, from the quartz mercury-vapor 
lamp, have been studied to some extent experimentally as to possible 
cancerogenic effects. Findlay found that long exposure of mice, and more 
recently, of rats, to these rays caused in them papillomatous or epitheliom- 
atous overgrowth of the skin, and that this irradiation hastened the 
action of known cancer-producing agents. Rothmann and Barnhardt, 
on the other hand, found that application of ultraviolet rays to the skin 
of the rabbit’s ear caused only epithelial atrophy ; Kohn-Speyer was able 
to observe no effect of the irradiation on the development of tar cancers 
in mice; but in the rat, Putschar and Holtz have recently reported the 
induction of skin cancers after prolonged exposure to ultraviolet 
rays. Simon reported the development, in an old operative scar that 
had remained unchanged for 7 years, of a spindle cell sarcoma 1 year 
after quartz lamp irradiation. 

Sunlight: From clinical evidence, there would seem to be definite 
cancerogenic action on the part of sunlight. In 1907 Dubreuil reported 
that of 162 patients with skin cancer, mainly rodent ulcer, 101 gave 
histories of outdoor occupations, and that the cancers were located 
almost exclusively on areas of exposed skin; also that they were more 
frequent in lightly pigmented persons. Lawrence in 1928 associated 
the prevalence of hyperkeratoses, rodent ulcers and epitheliomas in 
Australia with the excessive sunlight, and predicted that similar rela- 
tions would be found in the more arid portions of the United States—a 
prediction that I am informed is correct, although I know of no publi- 
cation conveying the facts. Unna described a condition that he termed 
“Seemanshaut,” of hyperkeratosis and especial predisposition to skin 
cancer, shown most frequently, as the name would indicate, by aged 
seamen, but not uncommon in persons who have lived long exposed to the 
sun. A similar condition is at times idiopathic, and Halberstaedter 
pointed out that in so-called xeroderma pigmentosum there is the same 
sensitivity to sunlight as in “Seemanshaut,” but in this case is present 
congenitally. 

Mitogenic Radiation: Lazarus-Barlow found that occasionally 
malignant tumors possessed the power of causing electroscopic dis- 
charge, and suggested that this might imply the presence in them of 
radium, and that radium emanations might be the cause of cancer to 
the exclusion of all others. In this connection, the work of Gurwitsch 
is of interest in that he found regenerating tissues to be an active 
source of what he terms “mitogenetic radiation,” which, while not of 
sufficient strength to affect a photosensitive plate, has the power of con- 
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siderably accelerating nuclear division in growing tissues exposed to it. 
From the work of Kisliak-Statkewitsch the radiation appears to be 
produced by ferment activity, as in winter potato buds he found a pro- 
ferment which, after activation accomplished by wounding of the lep- 
tome bundle, generated the radiation. The same writer would ascribe 
the source of energy in part to autolysis of dead tissues, since the radi- 
ation is emitted by dead, but not by healthy, portions of tumors, unless 
the latter are in contact with dextrose, so that he postulates for them 
a double origin, by glycolysis by living, and by proteolysis by dead, 
cells. In either case the phenomenon appears to be due to oxidation, as 
Gurwitsch and Sorin both reported that it occurs when blood is exposed 
to air, even after hemolysis. Frank and Salkind found that in the 
sea-urchin’s egg mitogenic radiation precedes the first recognizable 
evidence of mitosis as a sudden flare-up following a temporary period 
of increased consumption of oxygen. As Gurwitsch pointed out, the 
effect is enhanced by the induction of mitosis, with additional radi- 
ation, in adjacent cells. Confirmation of the effect of these rays is 
afforded by the work of Guillery, who was able to demonstrate that in 
cultures adjacent tissues could affect each other’s rates of growth, even 
though they were physically separated by gaps in the medium, but that 
this effect was absent if glass strips intervened; he reported even that 
the effect could be reflected by metallic strips, and so could be explained 
only by the emission of radiant energy from the growing tissues. On the 
other hand, Ypsilanti and Paltauf were quite unable to detect mitogenic 
radiation from mouse carcinoma and Rous sarcoma tissue by the effect 
on Liesegang rings, although this method was effective with onion roots. 
To what extent these radiations may play a part in the phenomena of 
tumor causation it is of course quite impossible to say with any assur- 
ance. Since they seem to be common to growing tissues of any sort, it 
would seem that in tumors they would not be, except possibly quantita- 
tively, of special significance, and that they are to be regarued as a mani- 
festation of the peculiar metabolism of dividing cells. Magrow, indeed, 
reported experiments that tend to show that the peculiar action of the 
tumefacient bacteria is due to their emission of radiations of this sort. 
As to their physical properties, Frank and Gurwitsch reported that a 
band of ultraviolet radiations ranging from 2,370 to 1,930 angstroms 
possesses similar effects. 

Finally, radiant energy has served as a background for two really 
extraordinary theories of the causation of cancer—that of Joly, who 
would ascribe the alleged increase in the disease to diminution in the 
amount of Millikan’s “cosmic rays,” and that of von Pohl, who 
expressed the belief that cancer is due to certain electronegative radi- 
ations, which are especially abundant over certain subterranean con- 
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ducting zones, and who alleges his ability to locate by physical means 
the houses, rooms and even beds in which cancer has occurred. There 
would be little profit in discussing either hypothesis. 


INFECTIOUS IRRITATION 


Syphilis —Although infection and cancer do not show the great 
frequency of association that characterizes many other forms of irritation 
and cancer, there are enough cases of the latter disease occurring as 
sequels of infection to establish this definitely as a precursor of cancer. 
Of the infections most frequently implicated, syphilis and tuberculosis 
are the most usually concerned, with the former predominant, par- 
ticularly if lingual leukoplakia be regarded as a lesion of that disease. 
In 1862 Neligan described leukoplakia of the tongue, and in a specific 
case predicted the probability of later cancerous change, a prediction 
that was later verified. In the years following, cases of cancerous 
development from leukoplakia of the tongue were reported by Clarke, 
Mauriac, Nedopil, Morris and Weir, the last of whom was able to 
collect records of 68 cases, of which 31 resulted in cancer. Eve in 
1881 cited a number of cases showing more general relationships 
between chronic irritation and cancer, including among them cases of 
leukoplakia, chimney-sweeps’ cancer and cancer in irritated corns and 
calluses. While there is the possibilty that leukoplakia of the tongue 
may be of other than syphilitic origin, since in the lip it is a not infre- 
quent sequel of smoking, the usual consensus of these earlier observers 
was that in most of their cases there had been syphilitic antecedents. 
As showing more definitely the relationship of syphilis to malignant 
growth, in 1912 Rohrbach described a case of atypical epithelial over- 
growth of the skin in a gummatous syhilid, which was very suggestive 
of carcinoma, but as it disappeared under antisyphilitic medication, it 
can scarcely be regarded as having been cancerous. In 1913 Ledermann 
reported precedent syphilis in 4 cases of laryngeal cancer, as well as 
cases of oral cancer on a syphilitic basis. Winfield also in that year 
reported the development of a squamous cell carcinoma in a nodular 
syphilid, and Whitehouse one of a similar cancer of the palate at the 
site of a gumma. Nagy described sarcomatous development in a terti- 
ary syphilitic lesion of the uterus. Barinbaum, in a discussion of the 
relations between syphilis and cancer, concluded that while the actual 
cases of reported association are not numerous, the matter of causal 
relationship is scarcely open to question. Here, as is so frequently the 
case with other forms of chronic irritation, association of other factors 
appears to play a prominent part. Pettit, in discussing cancer of the 
lip in Negro women in the District of Columbia, emphasized the 
importance of an association between syphilis and pipe smoking, and 
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Schleicher that of leukoplakia, tobacco and syphilis as precursory fac- 
tors in oral cancer, although he was inclined to doubt the importance of 
syphilis as the cause of the first condition. A relationship of malignant 
growth to syphilis has been observed several times in experimental ani- 
mals; Brown and Pearce described in great detail a transferable carci- 
noma apparently of the root sheaths of the hair in a rabbit inoculated 
with syphilis at the site of the cancer 4 years previous to its develop- 
ment, and a later case of melanosarcoma in the eye of the rabbit inocu- 
lated at that point with syphilis. Von Niessen has reported that in a 
rabbit inoculated with syphilis death occurred after 4 years from adeno- 
carcinoma of the liver, and that in 2 mice inoculated, respectively, with 
Gonococcus and Spirochaeta pallidum, and with vaccinia, adenocarci- 
nomas appeared over a year later. All of von Niessen’s cases lack the 
definite relationships of localization shown by those of Pearce and 
Brown and scarcely support his contention that venereal infection, recent 
or ancestral, is an outstanding factor in the etiology of the tumor. 


Tuberculosis—Tuberculosis, especially of the skin, has likewise 
frequently been observed clinically to be antecedent to carcinoma. 
Apparently the relationship was first noted by Devergie in 1857. Lang 
in 1874 reported a case of lupus that developed into carcinoma and 
cited a number of similar cases. Von Langenbeck in 1875 reported 3 
such cases, and attention has been called to the association by Kaposi, 
Raymond (with 15 cases), Richter, Ribbert and Pautrier, the latter with 
a case of lupus erythematosus. A discussion, of rather comprehensive 
character, along with a bibliography, has been furnished by Bastedo. The 
relationship is not limited to skin cancer. Tauffer described the develop- 
ment of a spindle cell sarcoma in an old lupus lesion; Beck, 3 similar 
cases, although in these there was the associated element of irradiation. 
Watsuji observed several cases of cornifying cancer of the lung or 
bronchus appearing at sites of epithelial metaplasia most usually induced 
by tuberculosis ; Schwalbe, a bronchial cancer originating in a tuberculous 
cavity. Hamper! reported no less than 6 cases of gastric or intestinal can- 
cer occurring in connection with tuberculous lesions, and Wolf recently 
described a polypoid carcinoma of the stomach, apparently originating 
in a tuberculous ulcer. Experimentally there is not the same support- 
ing evidence of the relationship as obtains in the case of syphilis, a fact 
that may be plausibly explained by the more pronounced lethal action 
of tuberculous infection in animals, though Jensen has seen the develop- 
ment of 2 transferable sarcomas in rats inoculated only 2 months 
previously with acid-fast bacilli derived from a _ pseudotuberculous 
bovine enteritis. The relations of tuberculosis to cancer are compli- 
cated by the apparent antagonism between the two diseases. Much has 
been written of this phase of the relationship, with evidence almost 
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wholly of statistical character. It would lead too far afield to enter into 
a lengthy discussion of the subject here. Lubarsch, summarizing the 
evidence in 1888, believed that while local tuberculous lesions, like other 
forms of chronic irritation, might contribute to the development of 
cancer, the relatively rare combination of tuberculosis and cancer could 
not be explained entirely by the difference in the usual age incidences 
of the two diseases, but that the feature of being comparatively rare in 
cancerous persons was one that tuberculosis shared with the acute 
infections. Boinet in 1907 could not find any decisive evidence point- 
ing to an antagonism between cancer and tuberculosis; but Cleland in 
1930 found in 1,305 autopsies an infrequent association of acute tuber- 
culosis and cancer, which he explains on the basis of the rapid progress 
of the infection precluding the frequent appearance of cancer within the 
narrow time limits of the infection ; however, in bodies that showed small 
healed tuberculous lesions cancer was distinctly less frequent than in 
bodies free from them. The validity of the relation would appear to 
be one that can be settled only by continued and comprehensive sta- 
tistical study. 


Other Infections and Noninfectious Inflammatory Processes.—As 
would be expected, other infections, especially those of chronic character, 
and other chronic noninfectious diseases have occasionally been observed 
as precursors of the local appearance of cancer. Von Hedry saw 


2 cases of cancer of the mouth at sites of actinomycotic infection. Cases 
of sarcomatous change in chronic osteomyelitic lesions were reported by 
Beck, Harbitz and Simon. Even acute infections would appear at 
times to play a causative role; Luker cited a case of cervical cancer 
that appeared in a woman of 28 years, 5 months after a gonorrheal 
cervicitis, and Rohdenburg a case of perineal cancer after the same infec- 
tion. Chronic inflammatory changes of noninfectious character are 
even more definitely established as precursors of cancer. Lynch saw 
skin cancer develop in connection with pellagrous dermatitis. Chronic 
mastitis, of undetermined origin, is notorious as an antecedent of cancer, 
a relationship that has been repeatedly observed, as by Fischer, among 
the earlier clinicians, in 1881, and especially in connection with acute 
carcinosis by Horn in 1911. That the mastitis may be in part of func- 
tional origin is suggested by the statistics of Leaf, who found that in 
no less than 71 of 73 cases of cancer of the breast there had been 
errors of lactation; and by the experiences of Lathrop and Loeb, who 
found an association between function and cancer in mice, with the 
more frequent occurrence of the latter in breeding animals. In the 
case of the stomach, the relationship of cancer to gastric ulcer is one 
to which attention was called long ago; a relatively early and compre- 
hensive discussion is that of Hauser in 1883. 
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COMMENT 


It will be apparent that while a wide variety of irritants—chemical, 
physical and infectious—may be concerned in the causation of cancer, 
there is a marked diversity in the regularity with which their action js 
followed by neoplastic growth. In part this is unquestionably a matter 
of the agents themselves, in that they possess the power of cancero- 
genesis to varying degrees; in part it appears to be a matter of the 
individual, in that the likelihood of neoplastic response is an inconstant 
factor. 

As to the mode of action of these irritants, there is little in the way 
of actual knowledge. The theories by which explanation has been 
attempted are numerous, and to the extent that they are matters of 
surmise, detailed discussion of them would be of questionable value. 
The theory of Ribbert, based largely on mechanical displacement, and 
that of Rowntree in explanation of roentgen cancer certainly do not meet 
all known facts. Similar hypotheses were advanced in regard to tar can- 
cers by Itchikawa and Baum and by Ulesco-Stroganowa, while with these 
cancers a more active role was assigned to the epithelium by Murray, 
Sezcalik, Bang, Dreifuss and Bloch, Deelman, Champy and Vasiliu, 
and Borst, and Bierich took the view that the infiltrative growth is per- 
mitted by changes in the connective tissue induced by the liberation of 
lactic acid from the abnormal metabolism of the tumor cells. Abnormal 
relations of epithelial cells to their surroundings are also regarded as of 
fundamental importance in the theory of Burrows, who expressed the 
belief that cancerogenic agencies induce crowding of these cells, in 
which circumstance they accumulate archusia, a growth-stimulating 
principle, which he regards as more or less identical with vitamin B, 
while at the same time, in the case of tar cancer, through the agency 
of the tar there is a removal of growth-restraining material, which he 
termed ergusia and regarded as similar to if not identical with vitamin 
A. Turnbull viewed cancerous growth in conditions of irritation as 
being in the nature of response to strain, with increasing divergence 
from normal relations. Caspari and Crawford are inclined to see in 
the action of these irritants an effect wrought by necrohormones liber- 
ated by their activity. Rotter, dealing specifically with roentgen can- 
cers, would interpret these as the result of stimulation of misplaced, 
extraregional sex cells by the irradiation, inducing in them parthero- 
genetic development. A number of writers would regard the changes 
as being fundamentally alterations of surface tension, a phase of the 
theoretical explanations of cancer that will be discussed in some detail 
later. Bierich and Moller suggested that as cell protoplasm is by virtue 
of its colloidal dispersion an energetic system, with functional activity 
directly dependent on the degree of dispersion, study should be directed 
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to the energy-releasing or energy-furnishing power of the irritants, 
more especially of coal tar. Some experiments of Magrow are in line 
with this idea; he observed that under the influence of light of an 
extremely high frequency of vibration, cells begin to vibrate, and, with 
suitable vibration rates, enter into karyokinesis, which in conditions 
of abnormal equilibrium may increase to the point of induc- 
tion of tumors. Hammett would see in all malignant tumors an 
increased metabolic activity as the result of accumulation of sulphydryl 
compounds, and in the case of tar cancers would ascribe the effect to 
the presence of suitable sulphur compounds in the tar, a theory that 
in a sense was anticipated by Green, who believed the distribution of 
cancer in the Orkneys was related to the use of sulphur-containing 
fuels. Finally, Carrel explains the induction of tumors in circumstances 
of chronic irritation as due to metabolic alteration, as a result of which 
the cells manufacture a specific substance that has the power of causing 
reproduction, and of imparting to the cells their malignant prop- 
erties; some similar hypothesis would appear to be necessary to explain 
the property of transmission by cell-free filtrates shown by the fowl 
tumors that he produced by means essentially of chronic irritation. 

An outstanding feature of the irritants in their induction of can- 
cerous growth is their additive effect, to which allusion has several 
times been made in the preceding paragraphs. Berenblum, as a result 
of experiments on the causation of cancer by combinations of tarring 
and freezing with carbon dioxide snow, found that if the two agencies 
operate simultaneously and together, the effect is one of tumor inhibition, 
while if they act together but at different times, the usual additive 
effect is observed. Apparently the exact nature of the irritant is of 
little importance, provided it has a cancerogenic effect and acts at no 
time in too great intensity. It would seem that the effect of irritants 
in causing cancer is a gradual deviation from the normal, a deviation 
that occurs in response to forces at times of different character, and 
which, if Berenblum’s results are correct, cannot be accomplished by 
too violent application of these forces. 

Although it is not intended to discuss at this point the matter of 
predisposition to cancer, one phase of that subject needs brief consider- 
ation here. With practically all of the irritants mentioned in this section, 
age appears to play a role greatly subordinate to its usual impor- 
tance in cancer incidence. Woglom would explain this by assuming 
that the effect of age on cancer incidence is merely that of allowing 
sufficient time for the development of cancer from some previous irri- 
tation. While it is possible that this explanation is correct, it is at 
best only a surmise, and until more definite knowledge is obtained of 
the factors that contribute to cancerous predisposition, it would be well 
to accept this as what it actually is—a hypothesis. 
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The relation of senesence to tumor development is not one that lends 
itself to direct experimental study, except in connection with the subject 
of the irritational cancers. That it is of an importance in lower animals 
fully equal to that in man has been shown by Goodpasture and Good- 
pasture and Wislocki, who were able to find frequent occurrence of 
multiple tumors in aged dogs. Goodpasture regarded them as being due 
to widespread degenerative changes of senile origin, from which certain 
cells escape by a process of dedifferentiation, with metaplasia and neo- 
plastic growth of either benign or malignant character. In certain 
aspects—especially that of tissue imbalance from degeneration—this view 
is not entirely unlike that of Theilhaber, who regarded the tumors of 
senescence as due to disproportionate degeneration of connective tissue 
and epithelium, with even possible stimulation of the latter. 


University of Nebraska College of Medicine. 








CORRECTION 


In the article by William Robinson, Ph.D., and Eloise Parsons, M.D., entitled, 
“Hemorrhage and ‘Shock’ in Traumatized Limbs: Changes in Total, Free and 
Bound Water of Blood and Muscle,” in the December issue (12:869, 1931), the 
second line of the third and fourth columns of the table (page 883), bearing the 
caption “Free Water,” should read 3.86 instead of 3.99 and 80.8 instead of 84.4, 


respectively. 





Notes and News 


University News, Promotions, Resignations and Appointments, Deaths, 
etc.—Eduard Kaufmann, emeritus professor of general pathology and pathologic 
anatomy in the University of Gottingen and author of the well known textbook on 
special pathologic anatomy, died on Dec. 15, 1931, in his seventy-first year. 

Malcolm H. Soule has been promoted from associate to full professor of 
bacteriology in the school of medicine of the University of Michigan. 

Vernon Kellogg has resigned as permanent secretary of the National Research 
Council, an office that he has held during the twelve years since the Council was 
placed on a peace-time basis. 

Harold Main Vango, associate professor of medical jurisprudence in the Uni- 
versity of Alberta, Canada, died on Dec. 29, 1931, from streptococcus infection 
in a puncture of the thumb received while making a postmortem examination. 

David Bruce, a founder of tropical medicine, who discovered Micrococcus 
melitensis in 1887 and the transmission of Trypanosoma gambiense by the tsetse 
fly, has died at the age of 74. An Australian by birth, he was educated at the 
University of Edinburgh, joined the army medical service in 1883 and was assistant 
professor of pathology in the Army Medical School from 1889 to 1904. 

Alfons Jakob, professor in the University of Hamburg and leader in the study 
of neuropathology, has died at the age of 47. 


J. S. Young, lecturer in experimental pathology in the University of Leeds, has 
been appointed Musgrave professor of pathology in the University of Belfast. 

Ward W. Summerville, Hannah research fellow in pathology in Western 
Reserve University, has been appointed associate professor of pathology in the 
University of Kansas. 

Esmond R. Long, professor of pathology in the University of Chicago, has 
accepted the appointment as director of the laboratories of the Phipps Institute of 
the University of Pennsylvania. 


Society News.The Fourteenth International Congress of Physiology will be 
held in Rome from Aug. 29 to Sept 2, 1932. 

The Ninth International Congress of the History of Medicine will be held in 
Bucharest in September, 1932. 

Edwin B. Fred has been elected president of the Society of American Bac- 
teriologists; William Mansfield Clark, vice president, and J. M. Sherman, 
secretary-treasurer. " 


Ella Sachs Plotz Foundation for the Advancement of Scientific Inves- 
tigation.—During 1931, the eighth year of the foundation, ninety-four applications 
for grants were received, thirty coming from this country and sixty-four from 
seventeen foreign countries. During the year twenty-six grants were made, 
nineteen for workers outside the United States. Eight of the 1931 grants were 
in aid of work on the general subject of nephritis. Applications for grants should 
be sent to Dr. Joseph C. Aub, 695 Huntington Avenue, Boston, before May 1, 1932. 





Abstracts from Current Literature 


Experimental Pathology and Pathologic Physiology 


EXPERIMENTAL HEPATIC PIGMENTATION AND CrirRHOsIs. E. M. Hatt and 
E. M. MacKay, Am. J. Path. 7:327 and 343, 1931. 


Does Copper Poisoning Produce Pigmentation and Cirrhosis of the Liver? 
In consideration of the well controlled experiments here presented, in which 
seventeen of twenty-one copper-fed animals showed pigmentation, many of them 
to a most extreme degree, and in view of the fact that nearly 50 per cent of this 
same group showed cirrhosis (this also being well marked and indisputable), we 
must conclude, in spite of the adverse reports by Flinn and Von Glahn, Polson, 
Herkel and others, that copper poisoning in rabbits produces pigmentaticn and 
cirrhosis of the liver in a high percentage of cases if adequate doses are given. 
This conclusion is in accord with the original work of Mallory and with the later 
investigation of Hall and Butt. We have found in most cases, at least under 
the conditions of our experiments, that from 75 to 100 mg. of copper must be stored 
for every 100 Gm. of wet liver tissue before pigmentation and cirrhosis result. 
The latter process apparently requires more time, and larger amounts of copper 
must be present in the liver tissue than are required to bring about pigmentation 
alone. That large quantities of copper are stored in the liver of the copper-fed 
animals as compared with that found in the controls is very evident on exami- 
nation of table 1. None of our animals received carrots, mangelwurzels, turnips, 
cabbage or other plant substance rich in carotene; therefore the question of pig- 
mentation due to these substances does not enter as a factor in the results pre- 
sented here. The question of whether or not heavy feeding with carrots does 
produce pigmentation will be considered in a subsequent study. The resemblance 
of the lesions described in this paper to those of early hemochromatosis in man 
is very striking. 

The Effect of Heavy Carrot-Feeding on the Rabbit's Liver —Twenty-two rabbits 
were fed on diets containing a heavy percentage of carrots for from thirty-two 
to fifty days. Three animals developed Kupffer giant cells which contained a 
moderate amount of hemofuscin. One rabbit developed a definite early cirrhosis; 
two other animals showed slight connective tissue proliferation in their livers. 
Many of the animals showed clear, vacuolated cytoplasm in the liver cells probably 
due to excess glycogen storage. Other changes include parenchymatous degen- 
eration, fatty infiltration and early nuclear degenerative changes. These con- 
ditions may be dependent on diet-deficiency due to the almost exclusive diet of 


carrots. : From AutHors’ CoNcLUSIONS AND SUMMARY. 


EXPERIMENTAL CoprerR Porsoninc. F. B. MALtory and F. Parker, JR., Am 
J. Path. 7:351, 1931. 


Acute poisoning with copper causes anemia, hemoglobinuria, necrosis of hepatic 
and renal cells and pigmentation. The pigment so formed is a combination ol 
copper and some derivative of hemoglobin and can be stained with a neutral 
solution of hematoxylin. The differential staining property of this pigment depends 
on its copper content. The pigment granules, which often occur in the rabbit's 
liver under natural conditions and which certain other investigators have mistaken 
for those due to the action of copper, are not colored by this method. As a 
result of repeated injections of copper over a long period of time, a form ol 
pigment cirrhosis results. 


’ 


AuTHorRs’ SUMMARY. 
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EXPERIMENTAL RENAL DisEASE PRopucEp By X-Ray. M. S. S. EaRLam and 
A. Botiicer, J. Path. & Bact. 34:603, 1931. 


An experimental unilateral renal lesion has been consistently produced in the 
dog by a single direct exposure of the kidney to unfiltered x-rays of medium wave- 
length, equivalent to about 1,900r. The primary result of the irradiation is an 
acute degenerative lesion of the convoluted tubules, followed by scarring and regen- 
eration, the relative proportions of which depend on the amount of initial damage. 
The degree of histologic change varies inversely with the weight of the animal, 
and in addition there is slight variation among individual dogs. Except in the 
smallest dogs, the irradiated kidney was capable by itself of supporting life through 
the period of maximum damage. The lesion is more gradual, less generalized and 
less standardized than that previously produced in this laboratory with double 
the dosage of x-rays. Provided that the opposite kidney is removed, various grades 
of renal disability can be produced, ranging from acute uremic death to practically 
complete recovery, the severity of the lesion varying inversely with the body 
weight of the dog. Irrespective of dosage, the irradiated kidney is able to support 
life by itself for a minimum period of thirty days. Nephritis produced by the 
x-rays, when well established, is characterized by nitrogenous retention, acidosis, 
hypercholesterolemia, polyuria, uremia and a variable amount of edema. The 
dosage of x-rays being in many instances sublethal, an appreciable degree of 
variation, independent of all other factors, was found to occur among individual 
dogs. The lesion, though not exactly duplicating any clinical syndrome, lends 
itself as a method for further research into many of the diagnostic, therapeutic 


etabolic problems of nephritis. , 
or metabolic p parit AvutTuors’ SUMMARY. 


CELLULAR CHANGES IN THE ALBINO Rat DvuE TO MoRPHINISM. WEN-CHAO 
Ma, Chinese J. Physiol. 5:251, 1931. 


This article gives a pictographic summary of the changes in the Golgi lipoid 
and the mitochondria in acute and chronic morphinism of the white rat. The 
Golgi lipoid may be regarded as a special material which is dissociated from the 
mitochondria and which is related to the fundamental mechanic activity of the cell. 
Stimulation with morphine results in the increase of the Golgi lipoid and of the 
activity of the rat, but after a period of stimulation the activity falls and the 
amount of lipoid in the cell is reduced. When lecithin is fed, neither the lipoid nor 
the activity of the animal is reduced. 


THERAPEUTICS OF ECLAMPSIA BASED ON THE PATHOLOGIC PuysioLocy. J. L. 
Wopon, Arch. internat. de méd. expér. 6:245, 1931. 


Pathologic Physiology of Eclampsia—The characteristic disturbances of 
eclampsia are the paroxysmal convulsions, hypertension and the disturbance of the 
acid-base equilibrium of the blood. The end of a normal pregnancy is accom- 
panied by a diminution of the alkali reserve which is accentuated during delivery. 
In spite of this difference of the alkali reserve the fu of the blood remains within 
normal limits. In preeclampsia the alkali reserve is lower than at the end of a 
normal delivery, and there is an abnormal acid fx indicating a disturbance of the 
acid-base equilibrium. At the time of paroxysmal convulsions and during coma, 
the disturbance of the acid-base equilibrium is extreme, the fu averaging 7.07, the 
alkali reserve value being very low. In eclampsia an early hypertension is often 
observed, but the intensity is variable; it is essentially due to a spasm of the 
peripheral vascular system. 


Treatment for Eclamptic Convulsions with Magnesium and Calcium Salts.— 
Calcium and magnesium when injected intravenously in therapeutic doses into 
decerebrated cats have similar action on the excitability of motor nerves. They 
elevate the rheobase and lower the chronaxia. The action of magnesium is the 
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more marked. Clinically, magnesium is given intramuscularly in doses of 100 mg. 
per kilogram of body weight, producing abolition of the eclamptic convulsions. 
Magnesium salt and calcium salt succeed in limiting the contraction in vitro of 
the uterus produced by different pharmacologic agents. In vivo, a therapeutic 
dose of calcium salts is incapable of abolishing uterine contractions, while mag- 
nesium salts show spasmolitic action comparable to opium. This pharmacologic 
property is confirmed by clinical observation. In therapeutic doses, calcium salts 
are incapable of weakening spasms of the peripheral vascular system produced 
experimentally, whereas magnesium salts have this property. In eclamptic patients, 
intramuscular injection of magnesium sulphate usually lowers the blood pressure 
1 or 2 cm. of mercury. 


General Consideration.—Treatment for eclampsia must aim at correcting two 
conditions: convulsions and acidosis. The acidosis of eclampsia formally contra- 
indicates the use of chloroform, ether or chloral hydrate. Intramuscular admin- 
istration of magnesium sulphate appears to be the treatment of choice. This 
“anticonvulsant drug” has a remarkable relaxing action on the spasms without 
lowering the alkali reserve and without lowering the fa of the blood. It is 
advisable, on the other hand, to combat acidosis by bicarbonate washings. 


AvUTHOR’s SUMMARY. 


EFFECT OF VIOSTEROL ON Bone. R. Soeur, Arch. internat. de méd. expér. 
6:365, 1931. 


Administration of massive doses of viosterol is toxic; it embarrasses the general 
state of the animal and can produce rapid death. As shown by other investigators, 
these conditions are closely allied with calcium metabolism, producing intensive 
mobilization of calcium with a negative balance in the bones. The blood calcium 
tends to become elevated, and there results in various organs (heart, arteries, 
veins, etc.) abnormal storage depots of calcium. This mobilization of calcium 
is produced at the expense of the bone. It is the latter that is the subject of the 
present study. Using young and adult guinea-pigs and also adult rats, we have 
confirmed the observations of previous workers concerning toxicity, the blood 
calcium and phosphorus values and abnormal calcification. We have studied the 
bones from a standpoint of pathologic anatomy. In the ribs, vertebra, skull 
and long bones we have observed the following: the reabsorption of bone with 
resulting fractures, abnormal phenomena in bone marrow, manifested by intensive 
vascularization and aseptic necrosis and arrest in the osteogenic activity in young 
animals. We have obtained microscopic pictures absolutely different from those 
produced by the administration of parathyroid extract (generalized bony fibrosis). 
It is logical for us to suppose that viosterol does not act by exciting the para- 
thyroid gland, and that the action in large doses is simply a toxic effect. 


AUTHOR’s SUMMARY. 


EXPERIMENTAL ACUTE HEMATOGENOUS NEPHRITIS. W. Curist, Beitr. z. path. 
Anat. u. z. allg. Path. 85:221, 1931. 


Hamilainen found that the intravenous injection of staphylococci into rabbits 
is followed by the formation of bacterial colonies within the intertubular capillaries 
This finding was in accord with that of Albrecht and other previous workers, but 
was contrary to the still older belief of Orth that the acute nephritis due to the 
presence of bacteria in the blood stream is an excretion nephritis set up by the 
passage of the bacteria through the glomerular vessels. In Hamialainen’s experi- 
ments, no intracapillary localization of bacteria could be detected by histologic 
methods in animals killed at intervals up to the eighteenth hour after injection, 
although the urine had yielded positive cultures of the injected staphylococc! 
from the ninth hour on. Christ repeated the short duration experiments, intro- 
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ducing a slight modification of technic, the aim of which was the detection of 
bacterial localization at short intervals following the intravenous injection of the 
bacteria. When the animals were killed at the desired periods after injection, 
the kidneys were removed under aseptic precautions. One half of each kidney 
was immediately fixed for histologic study. The other half was incubated in a 
moist chamber, portions being removed and fixed at various periods up to eighteen 
hours. Using this procedure, Christ was able to detect the intracapillary localiza- 
tion of the bacteria as early as six hours following injection. The localization 
occurred in the intertubular capillaries of the corticomedullary junction, of the 
medulla and of the papilla. Passage of bacteria into the tubules and involvement 
of the glomeruli were secondary to the intertubular intracapillary localization. 
Primary localization of the cocci within the glomeruli, which leads to the forma- 
tion of abscesses in the cortex, could be brought about experimentally only when 
the suspension of bacteria used for injection contained clumps too large to pass 
through the glomerular tuft vessels. 0), St Bemntice: 


HYPERGLYCEMIA IN EXPERIMENTAL INFECTION. T. FuKUDA and Ko ITABAsSHI, 
Ztschr. f. d. ges. exper. Med. 76:756, 1931. 


Hyperpyrexia and hyperglycemia are not always concomitant; they are two 
entirely independent phases of infection. Hyperglycemia is an indication of 
moderate severity of infection. In slight and in overwhelming infections a rise in 
the blood sugar does not take place. After sectioning of the splanchnic nerves 
a rise in blood sugar does not occur. The authors conclude from their experi- 
ments that the hyperglycemia of infection is a central effect on the sugar center 
of the brain and not a peripheral action on the suprarenals or liver. 


SANDER COHEN. 


ANIMAL EXPERIMENTS ON THE LOCALIZATION OF BLOOD RESERVOIRS. A. 
KautstorF and H. Lupwie, Ztschr. f. d. ges. exper. Med. 76:804, 1931. 


India ink injected intravenously into rabbits and guinea-pigs collects slowly 
in the spleen. The blood found there does not take much part in the circulation. 
In shock produced by peptone and in chloroform anesthesia, conditions that 
decrease the volume of the circulating blood, the. india ink is found in the spleen 
in large quantities. The conditions leading to a filling of the splenic reservoir 
exert a similar effect on the liver capillaries, which can also be designated as a 
blood reservoir. Of the conditions that increase the circulating blood mass, rise 
in external temperature is without effect on the filling of the spleen and liver 


with india ink. SANDER COHEN 


Pathologic Anatomy 


MeckeL’s DiverticuLumM. Amos Curistie, Am. J. Dis. Child. 42:544, 1931. 


A short history of the literature on Meckel’s diverticulum is presented, and a 
series of 63 such cases is reported. The embryology is discussed as a basis for a 
better understanding of the anatomy and pathology of the diverticula of the 
terminal ileum. Comparisons with previous groups substantiate observation of a 
preponderance of males (74.6 per cent), and set the probable incidence of Meckel’s 
diverticulum at 1 per cent in a large series (5,768) of necropsies. The site of 
Meckel’s diverticulum in relation to the ileocecal valve varies within wide limits. 
Types of Meckel’s diverticulum are discussed and illustrated. The complications 
are listed, and the coincidence of other anomalies associated with Meckel’s 
diverticuli in 33 per cent of the cases is offered as evidence of a defective germ 
plasm as an etiologic factor. AutHor’s SUMMARY. 
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PERSISTENT Ductus OMPHALOMESENTERICUS. M. L. BripGeEMAN ANp F, R. 
MeENNE, Am. J. Dis. Child. 42:602, 1931. 


A case of persistent ductus omphalomesentericus in a boy, aged 8, is presented. 
An acute Meckel’s diverticulitis with stenosis of the lower end of the ileum 
followed by a spontaneous ileosigmoidostomy is delineated. Such short-circuiting 
of the contents of the bowels leads to an unusual altered physiologic condition 
that may result fatally, due to peritonitis or obstruction. 

AvuTHorS’ SUMMARY. 


ToPpoGRAPHIC ANATOMY AND HISTOLOGY OF THE VALVES IN THE HuMAN Heart. 
L. Gross AND M. A. Kucer, Am, J. Path. 7:445, 1931. 


There has been described in this paper in some detail the normal histology 
and topography of the individual cusps of the valves in the human heart. It has 
been shown that these have a number of characteristics in common and yet 
sufficient individual differences to distinguish them from one another. The 
desirability of sharply delimiting the different cusps has been discussed and a 
method of accomplishing this has been suggested. This method is calculated to 
clear up the confusion that exists on the question of the presence of myocardium 
in the auriculoventricular valves. A simple but comprehensive classification of the 
various valve layers has been given. In designing this classification, there has been 
borne in mind the advisability of using a uniform nomenclature and of reducing 
the variations in valve structure to as few common denominators as possible, 
Attention has been drawn to the possible bearing that the various differences in 
valve structures may have on the development of pathologic processes which occur 
at these sites. An indication has also been given of the evolutionary and 
involutionary postnatal changes that take place in the cusps. The main purpose 
of the work here reported is to serve as a base line for further studies on disease 
of heart valves, because it is realized that an intimate knowledge of the structure 
of the valve cusps, together with their normal variations and age-period changes, 
is essential for the recognition and understanding: of pathologic processes. 


AvutTHors’ SUMMARY 


INFLAMMATORY ADENOMATOID HYPERPLASIA OF THE Major DUODENAL PAPILLA IN 
Man. V. J. Darprnsx1, Am. J. Path. 7:519, 1931. 


In 54 per cent of 100 cases in which autopsy was performed, definite changes 
were found in the major duodenal papilla. The changes apparently were benign 
and did not cause definite symptoms. Enlargement of the ends of the folds and 
thickening of the papillary wall were due to the presence of hyperplastic mucous 
glands, resulting probably from repeated attacks of inflammation at the outlet of 


the papilla. AvuTHor’s SUMMARY. 


Tue Exvastic LAYER IN THE CEREBRAL VESSELS OF THE NEW-BORN AND OF 
CHILDREN. C. R. Tutuit, Arch. Neurol. & Psychiat. 26:268, 1931. 


The cerebral vessels were examined in two stillborn fetuses and in twenty- 
four children, varying in age from birth to 14 years, for the condition of the 
elastic membrane. In some children the elastic layer fails to develop normally, and 
this Tuthil thinks may account for the frequency of cerebral hemorrhages in the 
new-born. The thickness of the elastic layer at birth and the period of its active 
growth depends on the size of the vessel. It shows in some cases splitting at and 
before the branching of the small or large vessels; the splitting is associated in 


some cases with formation of knotty areas. Grorce B. Hassin. 
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INTRACRANIAL CatctricaTion. C. B. CourvitLe anp L, J. Apetstern, Arch. Surg. 
21:801, 1930. 


Calcareous deposits are common in intracranial neoplasms, especially in the 
gliomas. The calcification is probably due to necrosis with secondary deposits of 
calcium in the blood stream. Calcification of the small blood vessels of tumors 
as well as generalized calcification of the media and intima of intracranial vessels 
is common. Frequently cysts result from calcific occlusion of small blood vessels. 
This calcification may be detected roentgenologically, and is of some diagnostic 
importance. Calcification in tumors is generally quite uniform. Calcification in 
neoplasms bears no important relationship to the degree of malignancy of the 


tumor. N. ENZEr. 


ILEOCECAL Cysts. E. Drennen, Arch. Surg. 22:106, 1931. 


Three instances of ileocecal cysts, two in children 9 months and 2 years of 
age, respectively, and one in a woman 21 years of age, are recorded. The cysts 
were lined by columnar epithelium and were about 3.5 by 1.5 cm. in size. Twenty- 
three cases were found in the literature. Such cysts seem to be of developmental 


origin. N. ENZER 


CoNGENITAL ABSENCE OF THE Pericarpium. C. S. Beck, Arch. Surg. 22:282, 
1931. 


Complete absence of the pericardium was found at autopsy in a colored 
woman 56 years of age. The left ventricle was hypertrophied. There was a 
moderate degree of arteriosclerosis, and the patient had had hypertension. The 
right auricle was adherent to several rudimentary bands or folds of epicardium. 
There seemed to be no impairment of the freedom of heart action. 

The question arises as to what is the function of the pericardium. Adhesions 
between the heart and adjacent structures occur more frequently in the absence 
of the pericardium. There are no cases on record in which the absence of the 
pericardium seemed to account for death. There is no evidence that it is of any 


benefit in a dilated heart. N. Enzer 


INTERVERTEBRAL DisK EXTENSIONS INTO THE VERTEBRAL BODIES AND THE 
SprinaL CanaL. D. Sasurn, Arch. Surg. 22:527, 1931. 


Trauma and chronic arthritis are the commonest causes of degeneration of 
the intervertebral cartilaginous disks. These may extend into the vertebral bodies 
and even into the spinal canal and cause compression of the spinal cord. 


N. ENzer. 


ATROPHIC FrBrosis ASSOCIATED WITH LYMPHOID TISSUE IN THE Tuyror. A. 
GRAHAM AND E, P. McCutraca, Arch. Surg. 2%:548, 1931. 


Thyroids in this group are firm, usually uniform and not nodular, frequently 
firmly attached to the surrounding structures. They are most common in women 
after the menopause, and without any symptoms significant of change in thyroid 
function. The regional lymph nodes are not involved, and there is no evidence of 
metastasis. The general heaith is good. There is no evidence of any local acute 
or subacute inflammatory reaction. The striking anatomic feature of the gland 
is the generalized, diffuse lymphocytic infiltration, with some follicular formation 
and with moderate compression atrophy of the thyroid acini. These acini, when 
crowded together, sometimes give the appearance of slightly hyperplastic epithelium. 


N. Enzer. 
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Primary IsoLATED LYMPHOGRANULOMATOSIS OF THE StoMAcH. H. A. Sincep 
Arch. Surg. 22:1001, 1931. 


Six cases of primary Hodgkin’s disease of the stomach have been recorded in 
the literature. Five of the patients recovered after operation and retained wel! 
Six died a postoperative death. Postmortem examination failed to reveal any 
other granulomatous lesions elsewhere in the body. The author reports a seventh 
case which likewise failed to reveal any lesion elsewhere in the body. 


N. Enzer. 


Stiiv’s Disease. R. Reitano, Arch. ital. di anat. e istol. pat. 1:489, 1930. 


The literature on Still’s disease is summed up. A case which had lasted three 
years is described in a woman of 18. Clinically, there was stiffness of the wrist 
and sternoclavicular joints. The latter were deformed. The spleen, increased ir 
volume, presented atrophy of the follicles, congestion and hyperplasia of the 
reticulum cells. The various lymph gland systems were diffusely swollen: 
histologically they presented partly typical tuberculous lesions, partly slight 
reduction of the follicles, increase of the reticulum cells, desquamation of the 
sinuses and hyalinosis of the stroma. In some joints, with macroscopically visible 
erosions, there were regressive changes in the cartilage, and even necrosis and 
substitution with fibrous tissues. Tuberculous areas were found in the lungs and 
liver. The author considers Still’s disease as a morbid syndrome of multiple 
etiology; in the case described there probably existed a tuberculous factor. 


G. ParTRAsst. 


Tue Recression oF Ductrus BoraLtit 1n Man. A.- Costa, Cuore e circolaz. 
14:546, 1930. 


The minute histologic structure of the duct and its involution have been 
investigated in sixty cases, including embryos in various stages and new-born 
infants. During fetal life the intima is thick, has little elastic tissue, the muscular 
cells being arranged lengthwise and rich in mucoid matter. The muscular wall 
proper has a circular inner layer and a longitudinal outer layer of muscle cells 
and contains elastic tissue and some mucoid matter. This type of structure should 
favor the discharge of the blood from the pulmonary artery to the aorta. After 
birth the lumen of the duct grows narrower because of an elastic hyperplasia of 
the muscular wall and of the internal elastic coat and the intima. The mucoid 
material diminishes. The anatomic closing is completed by the formation in the 
lumen of blood clot with calcium and iron. This precipitation of minerals is 
followed by a fibrous elastic sclerosis of the walls of the duct with atrophy of 
the muscle cells. Chronologically, the processes differ in different persons. 


G. PAatTRASSI. 


Tue Genesis oF Eostnopuiiia. F. Pescatort, Riv. di pat. e clin. d. tuberc. 
4:735, 1930. 


Experimenting on white mice, the author observed that a pneumothorax 
regularly causes eosinophilia, and that the latter reappears regularly every time 
that gas is introduced. The histologic examination of the collapsed lung showed 
that there was pulmonary and peribronchial eosinophilia, extensive accumulations 
of blood pigment and an intense prolification of the bronchial and peribronchial 
histiocytes. Such results correspond to those observed by the author in the lungs 
of persons who had died during an attack of bronchial asthma, and with those 
experimentally obtained in the lungs of rabbits in which bronchial spasm had been 
caused by extraneous bodies. According to the author, these observations confirm 
the hypothesis that both bronchial and hematic eosinophilia is to be ascribed to 
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asphyxial phenomena, local and general; and that it is not a morphologic expres- 
sion of i actions as some one has asserted. 
sion of immune reactions e one has asserted i Wivenete 


MicroctiA. G. Dappr, Sperimentale, Arch. di biol. 85:5, 1931. 


By experiments the author has reexamined the problem of the ectodermic or 
mesodermic origin of the microglia by searching whether it has fat-storing 
properties or not, After injecting small quantities of olive oil into the carotid 
artery of rabbits, he verified that, in about three hours, numerous small drops of 
fat had appeared in the body of microglia cells near to embolized capillaries. Such 
cells were slightly hypertrophic, In this stage there were no destructive phenomena 
in the nervous matter, which might explain the presence of fat in the microglia. 
After fourteen hours, granules of fat appeared in the bodies and processes of 
astrocytes in contact with the walls of certain vessels; also the endothelial and 
the adventitial layers of the latter were stained by the specific coloring matter 
for fats. After eighteen to twenty-four hours there was no trace of fat in the 
microglia nor in the astrocytes; there were localized destructive phenomena 
caused by emboli. It is concluded that, most probably, the microglia cells (and 
perhaps also the histiocytic glia) possess fat-storing properties similar to those 
of the reticulohistiocytes. G Pawnases. 


Tue Bioop In LYMPHOGRANULOMATOSIS. GUNTHER Strause, Folia haemat. 

44:125, 1931. 

There is no single or significant diagnostic blood finding in lymphogranu- 
lomatosis, and it is not possible through hematologic investigation alone to arrive 
at the diagnosis. 

But the blood picture in addition to other occurrences in lymphogranuloma 
might be of diagnostic importance, entirely aside from the fact that it sharply 
separates the leukemias from Hodgkin’s disease. Senos Asremen’s Séstiesane. 


BILATERAL APLASIA OF THE KripneEys. R. RosenspauM, Frankfurt. Ztschr. f, Path. 
41:136, 1931. 


Ninety-one such cases are collected from the literature, described in short, and 
one new case is added. This was the case of an 11 day old male premature 
infant. Both kidneys and both ureters were absent; the urinary bladder was 
found in a normal position. It was a small organ with very thin walls. No 
other abnormalities could be discovered, and no changes were found in the lower 
extremities. The possibilities leading to aplasia of the kidneys are discussed. 

Orto SAPHIR 


SPECKLED SPLEEN (MuLtTrIPLeE NECROSIS IN THE SPLEEN) AND Its RELATION TO 
ARTERIOLAR ScLerosis. B. Sprer, Frankfurt. Ztschr. f. Path. 41:160, 1931. 


Cases of a moderate degree of arteriolar sclerosis, as a rule, show no changes 
in the spleen. Cases that show marked sclerosis, however, reveal nutriticnal 
disturbances of the parenchyma that interfere with the normal function of the 
hematopoietic apparatus. The changes in the spleen are not caused by formation 
of secondary thrombi within the arterioles but are produced directly by changes 
within the wall of the arteries (arteriolar necrosis). Such a case is reported in 
a 51 year old woman who died of encephalomalacia. A series of cases of the 
malignant type of arteriolar sclerosis with renal and pancreatic changes are also 
reported and the changes in these organs correlated with those found in the 
spleen of the first case. Orro SAPHIR. 
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CYLINDRIC NARROWING OF THE DESCENDING PART OF THE THORACIC AorTA 
AS A RESULT OF A MeEsaortitis. W. Hickt, Frankfurt. Ztschr. f. Path, 44: 
176, 1931. 


Such a case is reported in a 38 year old woman. The stenotic portions in the 
aorta measured 6 cm. in length and 2.4 cm. in width. The cause of the stenosis js 
a chronic fibrous mesaortitis with a marked new formation of connective tissue 
in the adventitia. It is possible that syphilis was the underlying cause of the 
mesaortitis ; it is more likely, however, as the author states, that the stenosis was 
the result of a nonspecific mesaortitis which might have had the same etiology as 
articular rheumatism, from which the patient had suffered two years previously. 
This explanation seems the more plausible because of the simultaneous finding of a 
moderate stenosis of the mitral orifice. The author believes that this case is 


unique in the literature. thenk tice 


SystTEM HYPERPLASIA OF THE RETICULO-ENDOTHELIAL System. S. M. 
DERISCHANOFF, Frankfurt. Ztschr. f. Path. 41:184, 1931. 


The author proposes the following classification of the pathologic hyperplasia 
of the hematopoietic apparatus. 
I, Hyperplasia of the parenchyma 
1. Leukoses 
(a) Lymphatic and myeloid leukoses 
(b) Lymphatic and myeloid aleukoses 
(c) Monocytic leukemia (Schilling) 
2. Erythremia 
3. Parenchymatous tumors 
(a) Myeloma 
(b) Chloroma 
(c) Lymphosarcoma 
(d) Plasmocytoma 


II. Hyperplasia of the stroma (reticulo-endotheliosis) 

1. In infectious diseases 
(a) Desquamative catarrh of the lymph node 
(b) Large cell hyperplasia in tuberculosis 
(c) Large cell hyperplasia in typhoid fever 
(d) Syphilis 
(e) Sporotrichosis 
(f) Mycosis fungoides and: other diseases 

2. Lymphogranulomatosis (typical and atypical forms) 

3. Reticulo-endotheliosis in cases of disturbances of the metabolism 
(a) Gaucher’s disease 
(b) Niemann-Pick’s disease 
(c) Xanthamatous metamorphosis of the reticulo-endothelium in 

diabetes 
4. Blastomatosis with reticulo-endotheliosis 
5. Reticulo-endotheliosis per se 


The author reports a case which, according to his opinion, is a case of reticulo- 
endotheliosis per se with symptoms of pernicious anemia. This is a case of a 26 
year old woman. The blood picture was as follows: red blood corpuscles, 650,000; 
leukocytes, 7,000; hemoglobin, 30 per cent; color index, 1.5. There was a 
moderate poikilocytosis. Erythroblasts were present, some of which showed out- 
spoken basophilic granules. A splenectomy was performed, but the patient died 
two hours afterward. The spleen weighed 2,400 Gm., and measured 12 by 17 by 
32 cm. It was dark gray and revealed several infarcts. There also was an 
accessory spleen measuring 4 by 4 by 4 cm. Histologically, many reticulum and 





ABSTRACTS FROM CURRENT LITERATURE 161 


endothelial cells were found in all the blood-forming organs. They disclosed iron- 
containing pigment, remnants of erythrocytes and leukocytes. The lymph nodes 


showed large cells which resembled Gaucher cells. The bone marrow was not 


examined. Orro SAPHIR. 


Pathologic Chemistry and Physics 


Tue MICROCHEMICAL DEMONSTRATION OF COPPER IN PIGMENT CIRRHOSIS. 
F. B. MALLory and F. Parker, Jr., Am. J. Path. 7:365, 1931. 


The presence of copper was demonstrated in islands of regeneration in five 
active cases of pigment cirrhosis by means of the hematoxylin test. Its presence in 
the sections was confirmed by the triple nitrite test in two of the four cases tested. 
The copper occurred in pigment granules in the young liver cells and in masses of 
inspissated bile. After causing the deposition of a copper hemoglobin compound, 
the copper is quickly eliminated in the bile and therefore does not accumulate 
in the liver. The pigments (copper-hemofuscin, hemofuscin and hemosiderin), 
derived successively from hemoglobin and containing masked and unmasked iron, 
require years to transform them. As a result, they accumulate in large amounts 
in the liver and form the most prominent feature of this type of cirrhosis. The 
necrosis of liver cells, which eventually results in cirrhosis, is apparently due to the 
toxic action of copper and not to the mechanical presence of the pigments. Proof 
has been presented that copper is present in the early hemofuscin pigment granules, 
in the excretion of bile and also in excess of normal in the liver tissue as evidence 
that chronic poisoning with copper causes hemochromatosis. 

AvuTHORS’ SUMMARY 


4 COLORIMETRIC MICROMETHOD FOR THE DETERMINATION OF SULPHUR IN 
DEPROTEINIZED BLoop FiLtrate. I. S. Lorant and L. Kopetz, Biochem. 
Ztschr. 238:67, 1931. 


The sulphur content of 5 cc. of blood is determined first. After deproteinization 
and ashing, the sulphur is first transformed into sulphate, which is reduced to 
hydrogen sulphide. After the distillation of hydrogen sulphide, the sulphur is 
determined with the highly specific Caro’s reaction as methylene blue (methy!]- 
thionine chloride, U. S. P.). The total sulphur of the normal human blood was 
found with the method to be in the mean 6.8 mg. per hundred cubic centimeters. 


WILHELM C. HUEPER. 


\ StmpLeE TITRIMETRIC METHOD FOR THE DETERMINATION OF THE ALKALI 
RESERVE IN SERUM. F. ELLINGER, Biochem. Ztschr. 238:80, 1931. 


One cubic centimeter of human serum diluted with 4 cc. of normal sodium 
chloride solution is titrated with tenth normal hydrochloric acid, bromthymolblue 
being used as an indicator. Hydrochloric acid is added drop by drop under shaking 
till a pu of 6 is reached. The Walepole comparator and Soerensen’s buffers are 
used. The sodium salts of the intermediary metabolic products do not appear in 
this titration of the alkali reserve, which is represented by the bicarbonate 
(HCO~:) content and the acid-combining power of the serum. The alkali reserve 


Is expressed in cubic centimeters of normal acid. Wiens C. Hueres 


HEMAGGLUTINATING AND HEMOLYTIC QUALITIES oF BILE PicMmeENTs. A. 
CLEMENTI and F. ConporReELtw1, Biochem. Ztschr. 238:278, 1931. 


Bilirubin posseses marked hemagglutinating and hemolytic qualities on ery- 
throcytes suspended in physiologic solution of sodium chloride. The hemagglu- 
tinating action precedes the hemolytic action of the bilirubin. The hemagglutinating 
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action may still be present at concentration in which the hemolytic action has 
already disappeared. The lowest concentration in which the hemagglutinating 
action of bilirubin is still demonstrable lies around 1: 20,000. The hemagglutinat- 
ing and hemolytic qualities of biliverdin are by far less than those of bilirubin. 


WILHELM C. Hveper. 


THE SUBFRACTIONS OF GLOBULIN AND ALBUMIN IN TRANSUDATES OF Liveg 
CIRRHOSIS, SARCOMA and Carcinoma. B. Lustic, Biochem. Ztschr. 238: 
307, 1931. 


The total amount of albumin in carcinomatous transudates is considerably 
higher than that found in transudates due to cirrhosis or sarcoma. The amount 
‘of globulin soluble in NaOH is from three to four times higher than in cirrhosis. 
while the amount of the globulin soluble in sodium chloride is only about one 
sixth of that found in cirrhotic fluid. The carbohydrate content of the globulins 
soluble in NaOH of cancerous fluids increased in comparison to the other globulins 
The free COOH- and NH-: groups are iowered in the cancerous globulins soluble 
in sodium chloride. The globulins soluble in NaOH have a markedly increased 
content of carbohydrates, considerably lowered content of nitrogen and an almost 
equal content of NH:- and COOH- groups. The increase of the globulins soluble 
in NaOH and their increased content of carbohydrates in carcinoma explains the 
increased sugar values found in cancerous serum after hydrolysis. 


WILHELM C. HveEpeER. 


DETERMINATION OF UREA IN URINE WITH A SUBLIMATE METHOD. B. Lvustu 
and H. Bromserc, Biochem. Ztschr. 238:321, 1931. 


A clinically useful method of the determination of urea in urine is described, in 
which, following a tungstic acid precipitation, urea is determined with the help 
of a sublimate titration. The method is accurate to +4 per cent and requires, as 
asserted, only a little time for its performance. WrLHeLy C. Hverer. 


THE MeEtHops or Uric Actp DETERMINATION IN BLoop SERUM. A. BLANKEN- 


STEIN, Biochem. Ztschr. 238:461, 1931. 


In parallel determinations of uric acid in blood serum after Thannhauser, Folin, 
Folin and Svedberg, Benedict, Morris, Vladescu and Flatow the relatively best 
agreeing results were obtained by the methods of Thannhauser, Folin and Flatow. 
On addition of uric acid and after deproteinization, 80.6 per cent of the added uric 
acid was recovered if the deproteinization method of Folin was used, 68 per 
cent, if Thannhauser’s method was used and only 53 per cent if the proteins weré 
precipitated by uranylic acetate. If the serum was deproteinized after Folin and 
the colorimetric method of Thannhauser was used, 101 per cent of the added uri 
acid was recovered. It is therefore recommended to use for the determination o! 
uric acid in serum the deproteinization method of Folin combined with the 
colorimetric method of Thannhauser. Wieweue C. Huerer. 


Microbiology and Parasitology 


Upper ReEsprraToryY DisEASE (COMMON COLD) AND THE WEATHER. WILLIAM 
M. GaFaFER, Am. J. Hyg. 13:771, 1931. 
The evidence presented strongly suggests that changes in weather during a 
warm season are associated with the incidence of disease in the upper respirator) 
tract (common cold) more than are changes in weather during a cold season. 


AuTHOR’s SUMMAR' 
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THe SUSCEPTIBILITY OF CHICK EmBrRyYOS TO THE Fow.t-Pox Virus. A. M. 
\VoopruFF and E. W. Gooprasture, Am. J. Path. 7:209, 1931. 


Ectodermal and entodermal cells of the chorio-allantoic membrane of the chick, 
1s well as embryonic chick skin, are susceptible to infection with the virus of 


fowl-pox at an early stage in the development of the embryo. Whether or not 


this specific susceptibility is acquired as a result of cellular differentiation has not 
heen determined. Four methods for the isolation of uncontaminated fowl-pox 
virus are described. In two of these methods the virus is developed in tissue 
that has never been contaminated by extraneous micro-organisms. Fowl-pox 
infection has been induced in the trachea of the adult hen by inoculation with 


uncontaminated virus. Aurnons’ Summaty. 


THE TRANSMISSION OF DENGUE IN SuMATRA. E. P. Snipers, E. J. DINGER 
and W. A. P. Scutrrner, Am. J. Trop. Med. 11:171, 1931. 


It is possible to dispatch mosquitoes of the genus Aedes, infected with the virus 
of dengue, on long distances (Sumatra to Amsterdam) without destroying their 
infectivity. It has been proved possible to cause typical cases of dengue in Holland 
through bites from mosquitoes infected in the Dutch East Indies (Sumatra). The 
endemic dengue found in Sumatra is transmitted by Aedes aegypti, as well as by 
\edes albopictus. Accordingly, for the endemic Sumatran dengue, we have been 
able to confirm the findings of Cleland for Australia, Siler for the Philippine 
Islands and Blane for Greece, viz., that the dengue fevers are transmitted by Aedes 
aegypti. Moreover, we were able to confirm the finding of Simmons for the 
Philippine Islands, viz., that Aedes albopictus is also a transmitter. We were 
able to increase the conclusive force by carrying out the experiments in a place 
where spontaneous infection is absolutely excluded. The symptomatology of 


lo : y $2 a sc f ~ con 
dengue is more variable than is often conceived. Ic 
, . ’ d AUTHORS’ SUMMARY. 


CYSTINURIA AND TUBERCULOSIS. Howarp B. Lewis and Marie F. O’Connor, 
Am. Rev. Tuberc. 23:134, 1931. 


Careful examination of the urine of some 150 tuberculous patients failed to 
demonstrate any relationship between tuberculosis and cystinuria as maintained by 
Monceaux. The tests used (Sullivan, Brand, Looney, Gaskell) were shown by 
control experiments to be sufficiently delicate to indicate the presence of cystine 


in small amounts. . 
H. J. Corper. 


THE Errect OF IRRADIATED ERGOSTEROL ON CALCIFICATION OF TUBERCLES. 
Tom DoucGias Spies, Am. Rev. Tuberc. 23:169, 1931. 


Repeated large doses of activated ergosterol administered to rabbits with chronic 
tuberculosis produce, as in acute tuberculosis, calcification within the necrotic and 
caseous portions of the tubercles. ~ 

I fe Capercee H. J. Corper. 


BLoop Groups IN TuBERcULOosIs. K. T. Sasano, Am. Rev. Tuberc. 23:207, 
1931. 

The percentages of the blood groups in 1,000 cases of tuberculosis agree closely 
with those of Karsner and Koeckert. In the past three years, 3,082 tests on 1,000 
persons revealed no evidence of a change in the blood group of any person. There 
was not found any specific relation of the blood groups to any particular disease. 
There was no evidence of a greater resistance or susceptibility to tuberculosis 
with any one of the blood groups. The response to treatment appeared to be 
hetter among the tuberculous persons in group A than among those in group O. 


H. J. Corper. 
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THe Lympnocytic-Monocytic Ratio IN EXPERIMENTAL TUBERCULOsIs ry 
GuINEA Pics. Epwarp B. Boswortu, Am. Rev. Tuberc. 23:318, 1931. 


In guinea-pigs inoculated with a virulent strain of tubercle bacilli a blood picture 
developed characterized by a high percentage of monocytes and a low percentage 
of lymphocytes. The ratio between these percentages and the lymphocytic- 
monocytic index is correspondingly low. Guinea-pigs inoculated with an avirulent 
strain of tubercle bacilli overcome the infection and present a blood picture but 
slightly different from that of uninfected animals and in striking contrast to that 
presented by animals dying of a virulent infection. The lymphocytic-monocytic 
index in experimental tuberculosis in guinea-pigs is of value in determining ‘the 
reaction of the animal to its infection. 

H. J. Corper. 


Typuus Fever. H. PINKERTON, J. Exper. Med. 54:181 and 187, 1931. 


Study of two Strains of epidemic (European) typhus and two strains of endemic 
(American) typhus in laboratory animals has shown their essential identity. The 
characteristic lesions of the brain can be shown to occur with all four strains after 
subcutaneous inoculation, and Rickettsiae-filled cells can. be found in the scrotal 
sac with all four strains after intraperitoneal inoculations. A strain of European 
typhus that for eight years had yielded no obvious scrotal reaction in guinea-pigs 
afterward gave rise to a periodic scrotal reaction of variable severity. At present 
it occupies an intermediate position in this respect between the recently isolated 
European strain and the American strain. Variations in the scrotal reaction in 
guinea-pigs appear to be correlated with variations in the virulence of strains in 
the human host. The period of incubation in guinea-pigs after intraperitoneal 
inoculation depends largely on the number oi Rickettsiae injected. 

A satisfactory method is described for the topographic study of Richettsia 
prowazeki in sections of the scrotal sac of typhus-infected guinea-pigs. In such 
sections, Rickettsiae are always intracellular. The Rickettsiae of typhus multiply 
luxuriantly in the serosal cells and produce great distention of these cells. Rick- 
ettsiae may be found in small numbers in the endothelial cells lining the underlying 
capillaries in the testes and scrotum, but are not seen in perivascular macrophages, 
connective tissue cells, fat cells, smooth or striated muscle fibers or epithelial cells. 
Rickettsiae are rarely phagocytosed in small numbers by polymorphonuclears, but 
are never seen in lymphocytes, plasma cells or eosinophils. When infected meso- 
thelial cells proliferate and desquamate, they rapidly lose their content of Rickettsiae. 
The large mononuclear cells seen in smears of the exudate of the scrotal sac may 
be separated into two groups: (1) the serosal (mesothelial) cells, which become 
heavily infected with Rickettsiae, but which are not phagocytic for graphite ink, 
and (2) the macrophages (phagocytic cells), which do not contain Rickettsiae. 


AvuTHOR’s SUMMARIES. 


3100p CHEMICAL CHANGES IN STREPTOCOCCUS SEPTICEMIA. R. W. LINTON, 
J. Exper. Med. 54:223, 1931. 


The following changes have been found to occur in rabbits given fatal, intra- 
venous doses of Streptococcus hemolyticus: The blood sugar concentration drops 
at a constant rate throughout the disease, but does not reach a condition of hypo- 
glycemia. Glycogen is present in the liver at death. The carbon dioxide-combining 
capacity is lowered markedly at first, then returns to a somewhat higher level, at 
which it continues until the terminal stage of the disease, when the acidosis becomes 
very marked. The concentration of inorganic phosphorus is markedly increased at 
the terminus of the disease. This increase is greater in animals showing an acute 
course than in those ia which the disease is of the fulminating type. Calcium also 
shows terminal changes, decreases occurring in both groups. In the acutely 
infected rabbits the decrease is less than in the fulminating group, although in both 
a pathologic level is reached. Nonprotein nitrogen and creatinine are greatly 
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increased in the terminal stages, in both groups of animals. It is suggested that 
these observations can be explained on the assumption that a large amount of acid 
is produced by the streptococcus in vivo. 


AUTHOR’s SUMMARY. 


EXPERIMENTAL “Map Itcu.” R. E. Suope, J. Exper. Med. 54:233, 1931. 


The clinical picture and the gross pathologic changes of spontaneous and experi- 
mental “mad itch” are described, and the inciting agent is shown to be a filtrable 
virus. It has been possible to prepare virucidal serum capable of neutralizing the 
virus. Fatal infections are regularly produced in rabbits when the virus is admin- 
istered subcutaneously, intracerebrally, intravenously, intratesticularly, intraperi- 
toneally or intranasally, or when it is dropped on a scarified area of skin. Its 
infectivity for other species by various routes is reported. The rabbit, guinea-pig, 
white rat, white mouse, gray field mouse, cow, cat, duck, chicken and hog are 
susceptible to experimental infection. The disease is not contagious under labo- 
ratory conditions, and in the animal body the virus is restricted largely to the 
region of inoculation and the lung. The virus can be stored for relatively long 
periods in 50 per cent glycerol or in the dried state. A comparison of “mad itch” 
with pseudorabies leads to the tentative conclusion that the inciting agents of both 
are the same, although the strains of the two viruses that are under study possess 


-adily demonstrable differences. acl 
readily . AvuTuor’s SUMMARY. 


RHINOSPORIDIUM KINEALYI [SEEBERI] INFECTION. P. K. Kurup, Indian M. 
Gaz. 66:239, 1931. 


Two cases are reported, one occurring in the pharynx of a woman, aged 24, 
and the other in the upper eyelid of a boy, aged 12. In both instances the peduncular 
growths were removed by excision. 


GurneA-Pic Eprpemic DuE To StREPTococcus. W. W. Beatriz, J. Path. & 
Bact. 34:453, 1931. 


A characteristic disease of guinea-pigs is caused by a hemolytic streptococcus 
indistinguishable in its cultural characters from Streptococcus pyogenes. S. pyogenes 
isolated from cases of human disease does not produce the lesions characteristic of 
the guinea-pig disease. The guinea-pig streptococcus retains its infective power 
during at least ten months’ cultivation on ordinary laboratory mediums. Acute 
and chronic lesions may exist together in the same animal. The lesions are not 
confined to the lymphatic glands, as has been claimed, but occur in the lung, liver, 


spleen, mammary gland and muscles. ae 
ys d mu AUTHOR’s SUMMARY. 


LESIONS OF THE ADRENALS OF RABBITS CAUSED BY HERPES ViRUs. W. SMITH, 
J. Path. & Bact. 34:493, 1931. 


A particular strain of herpes virus was found capable of producing specific 
lesions characterized especially by cell necrosis in the adrenal glands of rabbits. 
The lesions only occasionally followed the introduction of virus into the skin, 
testes or brain, whereas intravenous inoculation of an adequate dose was found to 
cause them in nearly every case. The lesions occurred in both the cortex and the 
medulla; their nature is briefly described. Typical herpetic intranuclear inclusion 
bodies were present, chiefly in the early stages of the disease; they were more 
numerous in the medullary than in the cortical foci. The injection of herpes immune 
serum with the virus prevented the formation of adrenal lesions in all cases. 
Normal serum and vaccinia immune serum had no such protective action. The 
pre duction of adrenal lesions is not peculiar to one strain of virus, but with some 
strains preliminary modification by testicular passage may be necessary. 


AUTHOR’s SUMMARY. 
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A STRAIN OF BACILLUS AERTRYCKE WITH UNusuAL EpripEmMic CHARACTERs 
W. W. C. TopLtey, M. GREENWOOD and J. Wiison, J. Path. & Bact. 34: 
523, 1931. 


Certain strains of Bacillus aertrycke, of which the strain G. S. W. is an 
example, produce a widespread infection of mice exposed to contact with infected 
mice, without causing a severe and fatal epidemic. In so doing they produce a 
relative increase in the average resistance of the surviving mice, which is,.or may 
be, significantly greater than that resulting from vaccination, either because a 
latent infection is a more efficient immunizing process than the inoculation of killed 
bacteria, or because the effect of the elimination by death of the innately more 
susceptible mice is added to the effect of active immunization. Probably both 
play a part. If such strains exist in nature, or are evolved during the course of 
epidemic spread, they may well play a part in determining the course of events, 
especially during a prolonged endemic-epidemic prevalence. It seems reasonable to 
suppose that bacterial variants that arise during cultivation in the laboratory may 
arise under natural conditions, but the proof that such variants play a rdle in 
epidemic disease awaits their demonstration in the field or their isolation during 
an experimental epidemic initiated with a strain possessing the more usual char- 
acters. The labor and expense involved in testing the epidemic potency of a single 
bacterial strain make it impossible to examine in this way large numbers of strains 
drawn at random from an infected herd. It is therefore unlikely that variants of 
the G. S. W. type would be detected, unless they formed a considerable proportion 
of the total number of strains of their own bacterial species distributed among the 


animal hosts. ae a id ‘ 
AUTHORS SUMMARY. 


Enzootic HEPATITIS OR Rirt VALLEY FEVER. R. DausNey and J. R. Hupsovy, 

J. Path. & Bact. 34:545, 1931. 

A virus disease affecting sheep, cattle, goats and man is reported from the Rift 
Valley of Kenya Colony. The virus causes a mortality of over 95 per cent in very 
young lambs, abortions and a moderate mortality in ewes and cows, and a transient 
fever accompanied by severe pains in the regions of the joints in man. In sus- 
ceptible domesticated animals, the characteristic lesion is found in the liver. His- 
tologically, this lesion is a focal necrosis, bearing a striking resemblance to the 
Councilman lesions of yellow fever. The virus passes regularly through Chamber- 
land filters up to the grade L 11 and occasionally through the L 13 candle. The 
disease is not contagious, and there is evidence to suggest that it is transmitted by 
a mosquito, probably Taeniarhynchus brevipalpis. It is suggested that the disease 
falls into a natural group with yellow fever and dengue in man. 


AvuTHORS’ SUMMARY. 


GELATINOTHORAX. RoBERT ANGUS HUNTER, Tubercle 12:204, 1931. 


The author uses a 1: 2,000 dilution of acriflavine in a 5 per cent gelatin solution 
adjusted to fu 8 and finds this a suitable medium for intrapleural injection. The 
medium, being aqueous, mixes in even suspension with the effusion. It inhibits, and 
is lethal to, tubercle bacilli and other pyogenic organisms. The solution is used in 


amounts of from 20 to 600 cc. H. J. Corper 


Tue ErFFrect oF ENVIRONMENT ON THE VIRULENCE OF BCG. K. T. SASANO 
and E. M. Meptar, Tubercle 12:214, 1931. 


The pathogenicity of BCG depends largely on their environment. When 
grown on a bile glycerin potato medium, they are relatively innocuous, even when 
hort 


given in large doses. When they have been continuously cultured for a sh 
period on Sauton normal rabbit serum medium, they become virulent. 


H. J. CorPer 
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‘bIDEMIOLOGY AND PATHOLOGY OF *TUBERCULOsIs IN INDIA. A. C. UKiL, 
Tubercle 12:244, 1931. 


The author presents rather incomplete figures on tuberculosis in India and 
reports on 1,000 consecutive necropsies performed in Calcutta during the last 
thirteen years, as well as on additional cases from two medical colleges. The post- 
mortem examinations revealed essentially continuous degenerative processes, as well 
as cavities, but nothing definite and conclusive. The explanation of massive infection 
in an imperfectly immunized soil interprets most of the lesions found in India. The 
secondary bacterial flora are believed to be richer and more varied than in Europe. 


The influence of climate and sunlight is discussed. H. J. Correr 


LEPROSY, A FILTRABLE Virus. J. Marxkranos, Ann. Inst. Pasteur 46:291, 1931. 


The comparative study of rat leprosy leads me to propose as regards human 
leprosy (1) that in Hansen’s disease there exists a virus capable of passing through 
the Chamberland filter, (2) that this filtrable virus reproduces the disease, (3) that 
young subjects are more susceptible to the ultravirus than adults and (4) that the 
eranular stage forms a part of the evolution of the ultravirus toward the bacillary 


stage and of the bacillary stage toward the ultravirus. ivembn’s Conceneetins 


TRANSMISSION OF SUBACUTE NEPHRITIS. JEAN TrotsrtER, Ann. Inst. Pasteur 

46:296, 1931. 

Among the types of human nephritis there exists a virulent type, characterized 
clinically by a syndrome of subacute nephritis (albuminuria, cylindruria, edema, 
dyspnea, arterial hypertension, cantering rhythm, neuroretinitis, azotemia and 
anemia, without hypercholesteremia) and characterized anatomically by tubal 
nephritis with diffuse histologic lesions, subacute, epithelial (alteration of the 


tubules, granular and leukocytic cylinders) and interstitial (infiltration by 
lymphocytes). 

This disease of man may be transmitted to the monkey (Cercocebus fuliginosus) 
by inoculating the peritoneal cavity of this animal with an emulsion of renal 
parenchyma. The death of the monkey is thus induced in a week, with indications 
f acute nephritis (increased azotemia, albuminuria, cylindruria) and diffuse renal 
lesions (changes in the tubules, granular and leukocytic cylinders in the renal 


parenchyma). ‘ 
rey AvuTHOR’s CONCLUSIONS. 


EXPERiMENTAL STUDY OF SPIROCHAETA HISPANICUM (VAR. MACROCANUM). 
H. Vertu, L. Batozet and G. Zottner, Arch. Inst. Pasteur de Tunis 20: 
21, 1931. 


Studies of the virulence of Spirocheta hispanicum in various vertebrate hosts 
revealed a number of silent infections. The results suggest that the rat is an 
important, but not the only, reservoir of the virus. Spirochetes were demonstrated 
in brain tissues after 447 days (and less) with the guinea-pig and after 6 months 
with the rat. Evidence indicated that this was a latent infection rather than a 
specific neurotrophic action. Splenectomy or blocking of the reticulo-endothelial 
system did not affect the course of the infection. In mixed infection with 
"rypanosoma macrocanum, the spirochetosis did not affect the trypanosomiasis, but 
there was some stimulation in the reverse direction. M.S. Makematr. 


\ Case oF CHronic PLaGuEe LasTING SEVENTEEN Montus. Paut DuRAnp, 
\rch. Inst. Pasteur de Tunis 20:77, 1931. 
Several cases are discussed, one in detail, in which virulent plague bacilli were 


ian - . . . 
demonstrated in persons who were outwardly free from the typical disease. A 
survival of the organisms in glands seventeen months after the initial infection was 
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observed in a boy, aged 14; who recovered following large doses of anti-plague 
serum. The glands were swollen and inflamed, and inoculation of guinea-pigs as 
well as nine of ten cultures gave positive results. The author brings out (1) that 
insect-borne plague may arise from cases in human beings as well as from those 
in rats, (2) that human infection may at times be endogenous, and (3) that influ- 
enza, measles or other predisposing causes may open the road for infections of the 
blood stream and complications with plague. M. S. Mansmatt. 


Toxic SUBSTANCES PRODUCED By STAPHYLOCOccI. O. GENGou, Arch. internat. 
de méd. expér. 6:211, 1931. 


Experiments with rabbits are reported that confirm the previous statements 
of the author that staphylococci produce a substance capable of dissolving different 
cells in vitro and of producing toxic action in vivo. This substance is elaborated 
as much in vivo as in vitro and probably plays a definite rdle in staphylococcic 
infection. The secretion in vitro is not dependent on the degeneration, but on 
the normal activity of the micro-organisms. J. N. Patrerson. 


Tue BroLocy or “STRONGYLOIDES STERCORALIS.” H. E. Proes, Thesis, Bahia, 
1930. 


Dr. Prées describes an interesting fatal case of strongyloidosis in which 
“rhabditiform” larvae were discovered during the lifetime of the patient in the 
pleural effusion that was present on the right side. Their presence here was 
confirmed at autopsy, and identical larvae were found in the stools, in the pul- 
monary blood and in a small pericardial effusion. Dr. Prées’ case is of special 
interest because the larvae were unusually widely disseminated, as they have 
so far been observed only in heavy infestations in animals. It is evident that 
the larvae in the pleura came from the lungs and those in the pericardium probably 
from the pleura by way of the lymphatics. It is also unusual to find the rhabditi- 
form, instead of the filariform, larvae. The author concludes that a trans- 
formation of the rhabditiform into the filariform larvae is possible in the interior 


of the human body. N. Opuiits 


Immunology 


THE SPECIFICITY OF SEROLOGICAL REACTIONS WITH SIMPLE CHEMICAL CoMm- 
POUNDS (INHIBITION REACTIONS). K. LANDSTEINER and J. VAN DER 
ScHEER, J. Exper. Med. 54:295, 1931. 


Experiments are described that confirm the observation that the specificity 
of inhibitory reactions involving substituted aromatic acids is decidedly influenced 
by the position of the substituent. When antigens with specific groups of very 
simple constitution are used for the tests, inhibiting effects are obtained also with 
substances distantly related to those determining the reactivity of the antigens. 
On the other hand, if antigens are built up from protein and chemical compounds 
of somewhat higher complexity, the specificity of the inhibition reactions with 
synthetic crystallized substances is of the same order as that of the usual serum 
reactions ; in other words, it is possible to distinguish such compounds by serologic 
tests as readily as proteins can be differentiated with the aid of precipitating 


rums. 
se AvuTHors’ SUMMARY. 


Tue Speciric Cytotoxic ACTION OF TURBERCULIN IN TissuE CuLTuRE. J. D. 
Aronson, J. Exper. Med. 54:387, 1931. 
Tuberculins from the human and from the bovine type of tubercle bacilli inhibit 
the growth of cells from explants of bone marrow, spleen and testes of tuberculous 
guinea-pigs and are toxic for these cells, but have no effect on explants of the 
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same tissues from nontuberculous animals. ‘“Tuberculins” from other acid-fast 
bacteria have no inhibitory or toxic action on explants of tissues from either 
tuberculous or nontuberculous guinea-pigs. Tuberculins from the avian, bovine 
and human types of tubercle bacilli, as well as “tuberculins” prepared from the 
Duval and from the Kedrowsky strains of Mycobacterium leprae, inhibit the 
growth of the cells of explants of the spleen and bone marrow of tuberculous 
fowls and are toxic for these cells, but have no effect on the explants from 
tissues of nontuberculous chickens. ‘“Tuberculins” from other acid-fast bacteria 
have no effect on the growth of explants of tissues from tuberculous or from 
nontuberculous fowls. Tissue culture methods indicate that the sensitivity of 
tuberculous tissues to tuberculin is inherent in the cell, and that it cannot be 


assively transferred. ; 
P y d AvuTHOR’s SUMMARY. 


REFRACTORINESS TO THE SHWARTZMAN PHENOMENON CAUSED BY MOCCASIN 
Venom. S. M. Peck and H. Sosorka, J. Exper. Med. 54:407, 1931. 


The majority of rabbits receiving intradermal, intraperitoneal or intravenous 
injections of moccasin venom became refractory to the development of the 
Shwartzman phenomenon. A period of incubation of about fourteen days was 
required for the resistance to develop. The incidence of refractory animals was 
inversely proportional, within limits, to the amount of toxin given intravenously 
to elicit the Shwartzman phenomenon. The intravenous route was the most 
efficacious in developing refractoriness. The refractory state was still present 
forty-four days after the primary injection of moccasin venom. Rattlesnake 
venom was not efficacious in inducing a refractory state. The refractory animals 
did not show a changed reaction to moccasin venom in the concentrations used. 
No circulating antibodies could be demonstrated to explain the refractory state. 
Antivenene had no effect on the course of the Shwartzman phenomenon. 


AvuTHORS’ SUMMARY. 


CHEMO-IMMUNOLOGICAL STUDIES ON CONJUGATED CARBOHYDRATE-PROTEINS. 
O. T. Avery and W. F. Gorse, J. Exper. Med. 54:431 and 437, 1931. 


The p-amino and p-nitromonobenzyl ethers of the specific polysaccharide of 
type III Pneumococcus have been prepared. The diazonium ether of the specific 
polysaccharide has been coupled with serum globulin to yield a specific poly- 
saccharide- protein complex, and this complex has been used for immunization. 

Type-specific antipneumococcus immunity has been induced in rabbits by 
immunization with antigen prepared by combining a specific derivative of the 
capsular polysaccharide of type III Pneumococcus with globulin from horse serum. 
Rabbits immunized with this antigen acquire active immunity against infection 
with virulent type III pneumococci. The serums of the immune rabbits contain 
type-specific antibodies that precipitate the type III capsular polysaccharide, 
agglutinate type III pneumococci, and specifically protect mice against type III 
infection. The experimental data are discussed with reference to: the concurrence 
in the immune serums of type-specific antibodies for Pneumococcus and precipitins 
for horse globulin; the determining influence of the capsular polysaccharide on 
the specificity of the antigen as a whole; the unity of the type-specific precipitins, 
agglutinins and protective antibodies induced by a single component of Pneumo- 
coccus in chemical union with an unrelated, animal protein. 


AvuTHORS’ SUMMARIES. 


CHEMICAL AND IMMUNOLOGICAL STUDIES OF THE PNEUMOCOcCUS. A. Waps- 
WORTH and R. Brown, J. Immunol. 21:255, 1931. 
Until the ether-soluble material in the pneumococcus cell can be obtained in 
quantities sufficient for complete chemical and immunologic analyses, it is difficult 
to determine the significance of its various antigenic activities or its relationship 
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to other substances concerned in the immune reaction. Since these ether extracts 
appear to be free from protein, glycerol, sterol and carbohydrate, it is important 
to note the fixation of complement in the presence of antipneumococcus serums of 
all types and the lack of definite specificity in this activity. In vivo, no immunity 
was demonstrated against pneumococcus infection in mice inoculated with the ether 
extractive, and suspensions of dried pneumococci extracted with ether immunized 
mice to the same extent as suspensions of unextracted cells. It was not possible 
to demonstrate agglutinative, precipitative or complement-fixing activities in the 
serums of inoculated rabbits, although mice were protected against pneumococcus 
infection by such serums. Love’ Gaiman 


HEMAGGLUTINATING PROPERTIES OF UREASE. M. Hotcukiss and H. TAuBER, 
J. Immunol. 21:287, 1931. 


Crystalline urease in solution produced agglutination of the erythrocytes of 
the rabbit and of the mouse, but not of the sheep. In the tests in which high 
concentrations of urease were used, hemolysis occurred, complicating the results. 
This was subsequently controlled by the use of a buffer solution; then agglutination 
could be readily seen. After agglutination the urease was found to be active. 
Agglutination could not be demonstrated in the whole blood of rabbits dead after 
injection of urease. Crystalline urease represents a highly purified form of toxic 


hemagglutinin. AUTHORS’ SUMMARY. 


EXTRACELLULAR MENINGOCOCCUS ToxINs. N. S. Ferry, J. F. Norton and 
A. H. STEELE, J. Immunol. 21:293, 1931. 


Bouillon filtrates from young cultures of the four recognized Gordon types 
of the meningococcus contain extracellular toxins specific to the four types as 
well as a toxin common to all the types. Positive skin reactions have been 
obtained from meningococcus bouillon filtrates diluted as high as 1:1,500. When 
the four toxins are injected individually into animals, antitoxins develop specific 
to the types injected, as well as some antitoxin of the other three types. When 
all four toxins are injected at various times into animals antitoxins develop specific 
to the individual types. Meningococcus meningitis convalescent serums possess 
neutralizing properties apparently specific toward these soluble toxins. Control 
experiments with autolysates and mechanically produced cellular extracts from 
meningococci tend to identify further the toxins in the meningococcus bouillon 
filtrates as of extracellular origin. Autuors’ SUMMARY. 


QUANTITATIVE STUDY OF COMPLEMENT FrxaTion. A. WApDSwWoRTH and E. and 
F. MALTANER, J. Immunol. 21:313, 1931. 


Although the values obtained with different complements varied, the relation- 
ship between the values derived from titration of different complements with 
different dilutions of the immune serum was constant under those conditions in 
which the course of the reactions was constant. The change in activity of the 
individual complements in the presence of the different dilutions of immune serum 
was directly proportional to the increase in the concentration of the serum. These 
constant relations made it possible to establish a unit value of complement activity 
based on the specific fixability of the complement and thus to determine the 
activity of any dilution of an immune serum consistently, with different com- 


plements. AvuTHORS’ SUMMARY. 


BRUCELLA ANTIBODIES IN HuMAN SERUM. J. W. MARTIN and J. T. Myers, 
J. Prev. Med. 5:243, 1931. 


Brucella antibodies were found in serums from meat-packing employees as 
follows: in 15 per cent of the serums of one hundred employees who within 
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eighteen months had been on the company’s sick-list with symptoms suggestive 
of undulant fever, and in 3 per cent of those of one hundred other employees. 
Brucella antibodies were found in 4.3 per cent of one thousand serums submitted 
for Wassermann tests. There was no appreciable difference in antibody incidence 
between Negroes and white persons. The three methods of examination employed 
—complement fixation, macroscopic agglutination and Huddleson’s rapid macro- 
scopic agglutination—gave parallel results and appeared to be equally accurate 
for laboratory diagnosis. Huddleson’s method is very convenient. Either the 
liquid-air or the shaking-machine method of breaking the Brucella organisms for 
antigen is efficient. The optimum amount of serum to use in the complement- 
fixation test for undulant fever is 0.1 cc. Aueseed Scan. 


THE SIGNIFICANCE OF AGGLUTININS IN NORMAL Persons. L. C. HAVENs and 
C. R. MayFIELp, J. Prev. Med. 5:295, 1931. 


We have described in this paper observations which show that agglutinins 
develop as a result of specific antigenic exposure under natural conditions, even 
without a clinical infection, and that in the absence of the antigenic opportunity 
such antibodies do not develop; that agglutinins rarely are found for infections 
which are known to have a low incidence, and that so-called “normal” agglutinins 
behave in the same manner as, and are in all respects indistinguishable from, 
specific antibodies. The clinical interpretation of a single observation is always 
a difficult matter. There seems to be no doubt that exposure to certain kinds of 
bacteria will start up again the reproduction of apparently unrelated antibodies 
such as have developed previously in response to an antigenic stimulus of a 
different nature; but this phenomenon, it seems to us, is not an example of 
nonspecific production of antibodies and does not invalidate our interpretation of 
“normal” agglutinins. It does, however, seriously interfere with interpretation 
of diagnostic agglutination tests. Such interpretation must always be qualified by 
the known chances of a possible antigenic opportunity in the past. The fact that 
there is no evidence or knowledge of an antigenic exposure does not preclude 
the possibility that this exposure has occurred. Examination by Krumwiede of 
786 normal men in connection with a paratyphoid outbreak revealed 32 temporary 
carriers who showed no symptoms of infection. Ramsey found that yellow fever 
in Senegal is propagated in a mild, unrecognized and almost subclinical form and 
concluded that “the native population must constitute a vast but hidden reservoir 
of infection.” The conclusion, therefore, seems justified that the demonstration 
of antibodies for a specific infection may be interpreted as the result of exposure 
to that infection at some time and in some manner. The further conclusion 
follows that the incidence of antibodies against a given infectious agent is one 
index of the prevalence of the infection in the region in which the study is made. 


AUTHORS’ SUMMARY. 


Use or ProtrozoA IN MEASURING THE NEUTRALIZING VALUE OF COBRA 
ANTISERUM. C. H. Puivport, Science 74:157, 1931. 

The strength of cobra antiserum is measured by placing paramecia in various 
mixtures of venom and antiserum and determining the least amount of antiserum 
required to protect paramecia from a given amount of venom. The results of 

i i re shown. a 
ten titrations are ” AvuTHOR’s SUMMARY. 


IMMUNITY IN TRACHOMA. CHARLES NICOLLE and Uco Lumsroso, Arch. 
Inst. Pasteur de Tunis 20:241, 1931. 


Repeated intravenous inoculations with the Olitski strain of Bacterium 
granulosis did not procure immunity against a subsequent inoculation with trachoma 
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virus. Cross-protection tests as checks on potentially specific viruses or organ- 
isms seem a possibility, since the scar tissue of healed natural trachoma is pro- 
tected against a virus very active on a new subject. us S Makamats 


BACTERICIDAL EFFECTS OF TISSUES FROM HEALTHY AND IRRADIATED ANIMALS. 
G. M. Antoni1o.1, Strahlentherapie 41:496, 1931. 


The organs of guinea-pigs that had been bled to death were ground with quartz 
powder under sterile conditions. Twice their weight of distilled water was added, 
and after shaking, the material was kept in the icebox for twenty-four hours. 
Two cubic centimeters of the supernatant fluid was then inoculated with staphylo- 
cocci from a suspension of a twenty-four hour agar culture. After three, six, 
nine, fourteen or twenty-four hours’ incubation agar plates were made. It was 
found that a more or less marked decrease in the number of colonies was present 
in comparison with that of the corresponding control plates. These results were, 
however, not constant, and great variations occurred. The liver seemed to possess 
the best bactericidal action, while that of the spleen, omentum and kidney was 
less marked. After repeated, weak roentgen irradiations of the animals an increase 
of the bacterial action of the different tissues was observed. An intensive roentgen 
irradiation of the animals resulted in a lowering of the bactericidal action of their 
organs. The difference in the bactericidal action of the various organs tested is 
explained by their unequal content of reticulo-endothelial tissue. 


WILHELM C. HUEPER. 


THE MORPHOLOGY OF THE PHENOMENA OF HYPERSENSITIVITY AND IMMUNITY. 
W. PaGEL, Ztschr. f. d. ges. exper. Med. 77:396, 1931. 


The usual hypersensitivity of rabbits is not raised by tuberculous infection. 
Such hypersensitivity is not related to the diminution of precipitating antibody, 
since the phenomenon of Arthus also takes place in the absence of the antibody. In 
the case of histamine poisoning there is no difference between the normal and the 
tuberculous animals. The protection against anaphylactic shock by tuberculous 
infection is dependent chiefly on the formation of antibodies. The antigen in 
tuberculous guinea-pigs and that in norma! guinea-pigs are not acted on in the 
same way. The injection of india ink and trypan blue does not weaken the 
phenomenon of Arthus or lower the titer of the precipitin. Although granuloma- 
tous and tubercle-like formations do not occur in connection with serum hyper- 
sensitiveness in the skin, yet in rabbits, as a result of intrarenal injections, such 
lesions are produced in the kidneys, where there results the picture of an “inter- 
stitial lymphoplasmocytic nephritis.” The tuberculous granuloma may therefore 
be the tissue response of an antigen-antibody reaction, without the tubercle bacillus 
entering into the process. In cross-infections, in rabbits, with a human tubercle 
bacillus infection superimposed on a primary bovine tuberculous infection (and 
conversely), the secondary infecting agent is often quickly destroyed. 


SANDER COHEN. 


Tue EVALUATION OF ORGAN EXTRACTS FOR THE WASSERMANN REACTION BY 
MEASURING THEIR TuRBIDITY. J. ADAMSKI, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 71:129, 1931. 


The changes in the turbidity in a mixture of the extract and of an alcoholic 
solution of cholesterol were estimated for twenty-four hours with the instrument 
of Moll. Qualitative and quantitative evaluation was made possible by comparing 
with values for standard extracts. Different curves permitting comparative esti- 
mation were obtained for extracts according to their efficiency. 

I. DAVIDSOHN. 
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New SEROLOGIC DIAGNOSIS OF TYPHOID AND PARATYPHOID BACILLI AND OF 
RELATED Bacteria. K. Aoxt, Ztschr. f. Immunitatsforsch. u. exper. Therap. 
71:138, 1931. 


By using proper variants, absolutely specific agglutinating serums were pro- 
duced for nine bacterial species. Nonspecific serums were produced for the same 
micro-organisms by using the nonspecific variants. Both types of serum are 
used for identification of the bacteria of this group. The specific serums identify 
the micro-organism; the nonspecific serums establish its relationship to the other 
species. The specific agglutination shows coarse floccules or granules; the non- 
specific, group agglutination shows fine floccules or granules. 

I. DAVIDSOEN. 


CONCERNING THE Factors M AND N oF LANDSTEINER AND LEVINE. M. AKUNE, 
Ztschr. f. Immunitatsforsch. u. exper. Therap. 71:147, 1931. 


When present alone, each of these factors is more sensitive than when they 
are together, as shown by agglutination experiments. Absorption experiments 
were found to be less conclusive. The use of serums with high titers is therefore 
recommended. No quantitative difference was observed in the sensitivity of factor 
M in the serums of the new-born infants and adults; its behavior in this respect 


is different from that of the A and B factors. . Daemeoun. 


EXPERIMENTAL STUDIES ON THE FRACTIONS OF THE LENS PROTEIN. H. Horr- 
MANN, Ztschr. f. Immunitatsforsch. u. exper. Therap. 71:171, 1931. 


The difficulties in production of lens antiserum are emphasized. Following the 
procedure of Woods and Burky, it was possible to separate fraction a, but not 
fraction 8. Precipitating serums were obtained only with the full antigen and 
with the suspensions of lenses. Such serums fixed complement with homologous 
as well as with heterologous lens suspensions. Antiserums produced with a- 
crystallin of beef, hog and horse reacted in the complement-fixation test constantly 
and more specificially with the homologous antigen than with f-crystallin. Anti- 
serums produced with §-crystallin showed no such specificity. Anaphylatic experi- 
ments confirmed the organ specificity of the lens and showed a certain degree of 


specificity for the a-fraction. § Davreecen 


THE QUANTITATIVE RELATIONS IN Liporp-ANTIBODY PRODUCTION FOLLOWING 
COMBINED IMMUNIZATION. J. VAN DER SCHEER, Ztschr. f. Immunitatsforsch. 
u. exper. Therap. 71:190, 1931. 


Large doses of Forssman antigen from horse kidney used in combination with 
hog serum had an inhibiting effect on the production of antisheep hemolysin in 


rabbits. I. DAVIDSORN. 


SEROLOGIC STUDIES ON PUTREFACTION OF MEAT. FELIX SULMANN, Ztschr. f. 
Immunitatsforsch. u. exper. Therap. 71:385, 1931. 


Owing to their molecular structure, the simpler protein derivatives (amino- 
acids, putrefaction bases and urea derivatives) cannot act directly as antigens in 
the complement-fixation test. To overcome that difficulty they were added to the 
antigen-antibody complex of decaying meat and of a specific antiserum produced 
in rabbits with decaying meat, and according to the principle of Landsteiner’s 
excess inhibition it was expected that if the substance tested was closely related 
to the antigen of putrefaction, the complement fixation would be interfered with. 
Of the thirty-one substances tested, none showed a relation to the antigen in 


question. I, DAVIDSORN. 
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IMMUNOLOGIC CLASSIFICATION OF SALMONELLA PARATYPHI (B. PARATYPHOSUS 
A) oF Brion AND Kayser. R. MAEsuHIMA, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 71:399, 1931. 


An analysis of, numerous strains of this species, with the help of agglutinations 
and absorptions, led to their separation into three subgroups, each with a specific 
agglutinating immune serum. However, all of them reacted with a serum that was 
specific for the entire species Salmonella paratyphi. l Davincounx 


FRACTION-SPECIFICITY AND SPECIES-SPECIFICITY OF SERUM PROTEINS. IVAN 
GyO6rrry, Ztschr. f. Immunitatsforsch. u. exper. Therap. 71:428, 1931. 


Horse serum was separated with various concentrations of ammonium sulphate 
into four fractions every one of which showed precipitogenic and anaphylactogenic 
properties. Common features were found in the precipitating serums produced by 
the first two fractions (obtained by 33 and 50 per cent ammonium sulphate satura- 
tion) and in their anaphylactogenic qualities; neither of the two reacted with 
fraction 4. The fraction displayed serologic relations with all others. It is con- 
cluded that there are only two serologically strictly fraction-specific serum pro- 
teins: albumin and globulin. The species of specificity as tested by precipitation 
with ox serum and its fractions was only relative. I Daymeonn, 


SERODIAGNOSIS OF SYPHILIS WITH THE ACETONE-INSOLUBLE Liporp FRACTION 
or Kiss. Op6én Fiscuer, Ztschr. f. Immunitatsforsch. u. exper. Therap. 71: 
441, 1931. 

The extract of Kiss, which is the phosphatid fraction of beef heart (without the 
addition of cholesterol), proved a satisfactory antigen for the precipitation test, 
and in proper dilution also for the complement-fixation test. It is probable that 
the antigenic function does not rest with the phosphatids, but is due to some 
unknown substance present as an admixture. I Daévibeoun. 


OLp AND YOUNG ANTIGENS AND Iso-ANTIBODIES OF OLp AGE. E. FRIEpD- 
BERGER and I. Gurwitz, Ztschr. f. Immunitatsforsch. u. exper. Therap. 71: 
453, 1931. 

Young and fresh antigens (bacteria and red blood cells) were not more 
antigenic in vivo than old ones. Contrary to other reports, young rabbits did not 
develop isoprecipitins for the proteins of old rabbits when treated with their 
— ‘ I. DAVIDSOHN. 


Tumors 


HEREDITY OF SPONTANEOUS LEUKEMIA, PSEUDOLEUKEMIA, LYMPHOSARCOMA 
AND ALLIED DISEASES IN Mice. Maup S tye, Am. J. Cancer 15:1361, 
1931. 

Slye affirms that “although data on human leukemias are few, they are in 
agreement with the facts demonstrated in her laboratory: first, that the leukemic 
diseases have an hereditary basis and tend to run in families; second, that they 
tend to occur in cancer strains. B. M: Farep. 


INTRACRANIAL NEOPLASMA IN LOWER ANIMALS. Maup S tye, Harriet F. 
Hots and H. Gipeon WeEtts, Am. J. Cancer 15:1387, 1931. 


Tumor of the brain is rarely observed in lower animals of any species. In 
11,188 mice of the Slye stock, only 3 cerebral neoplasms were found. 
B. M. Friep. 
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METASTATIC CARCINOMA SIMULATING HYPERPARATHYROIDISM. R. L. Mason 
and S. WARREN, Am. J. Path. 7:415, 1931. 


A case in which there were widespread bone changes, hypercalcemia, negative 
calcium balance and thyroid tumor is presented. The roentgenologic appearance 
of the bones suggested metastatic carcinoma. Examination of parathyroid-like 
bodies removed at operation showed probable metastatic carcinoma from mam- 
mary cancer removed five years before. Aurased’ Summanr. 


ADENOMA OF THE ISLANDS OF LANGERHANS WITH HypoGLYCEMIA, SUCCESS- 
FULLY RemMovep. N. A. Womack, W. B. Gnacri and E. A. GRAHAM, 
J. A. M. A, 97:831, 1931. 


A man, aged 44, had hypoglycemic seizures, which were found to be due to 
an adenoma of the islands of Langerhans. A small tumor, about 0.5 cm. in 
diameter, was removed from the anterior surface of the pancreas at about the 
junction of the body and the tail. The tumor was made up of cells resembling 
island cells, yet differing from them in certain important details, especially in 
granular secretory antecedents. The mechanism of the production of apparent 
hyperinsulinemia remains obscure. 


CARCINOMA IN OsTEOMYELITIC StNus. E. B. Benepict, Surg., Gynec. & Obst. 
53:1, 1931. 


The author reports 12 cases of epidermoid cancer developing in the sinus of 
chronic osteomyelitis. These cases occurred in a series of 2,400 cases of osteo- 
myelitis at the Massachusetts General Hospital. The malignant changes devel- 
oped in 8 cases of osteomyelitis of the tibia, in spite of the fact that in the 2,400 
cases the osteomyelitis was most common in the femur. In 3 of the cases, the 
carcinoma developed in the sinus of osteomyelitis of the bones of the foot, and 
in 1 case in the femur. A chronic discharging sinus was present for thirty years 
or more in all of the 12 cases, all of which occurred in elderly men. Biopsy was 
the most reliable adjunct to diagnosis. C. G. WARNER. 


PRIMARY CANCER OF THE THYMUS WITH PLURIGLANDULAR DISTURBANCE. O. 
Leyton, H. M. Turnsutt and A. B. Bratton, J. Path. & Bact. 34:635, 
1931. 


Two cases have been described in which carcinoma of the thymus appears to 
have been associated with pluriglandular disturbance. In a boy, aged 11, fatness 
of the face, conspicuous hypertrichosis of the face and prominence of the abdomen 
developed within a month. In a man, aged 31, increasing fatness of the neck 
and trunk and striae atrophicae on the abdomen developed during less than a 
year. During the same period, he suffered from night sweats, thirst and polyuria. 
Both patients, on admission to the hospital, were found to have diabetes mellitus. 
In both, at necropsy, a small cell medullary carcinoma of the thymus was asso- 
ciated with great hypertrophy of the cortices of the suprarenal bodies, functional 
hypertrophy of the thyroid gland, infiltration of the medullae of the suprarenal 
bodies by lymphocytes and plasma cells and fatty infiltration of the centers of 
the hepatic lobules. Duguid and Kennedy (1930) have described glycosuria, 
enlargement of the suprarenal bodies and colloid goiter in association with a 
small cell medullary carcinoma of the thymus in a woman aged 64. 


AvuTHORS’ SUMMARY. 


INNERVATION OF HuMAN Tumors. H. Oertet, H. Nye and B. THOMLINSON, 
J. Path. & Bact. 34:661, 1931. 
The observations here recorded confirm the conclusions previously expressed, 
that mature and immature tissues of human tumors are innervated, and that this 
innervation applies to the blood vessels and also to the stroma and parenchyma 
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of the growing tumor. We base this conception on the close co-ordination of 
newly formed nerve fibers with the stroma and parenchyma in which they end, 
and to the cells and nuclei of which they are so intimately attached that a resem- 
blance to normal innervation is definitely noticeable. In tumors, as in other 
tissue movements, the advance occurs as tissue entity, not in isolated parts. 


AvuTHORS’ SUMMARY. 


THE PRODUCTION OF EXPERIMENTAL TUMORS BY MEANS OF RADIOACTIVE 
SuBsTANcEsS. F. DaEts and R. Bitrris, Bull. Assoc. frang. p. l'étude du 
cancer 20:32, 1931. 


The production of malignant tumors by the use of chemical substances is com- 
plicated in that the exact dose of the cancerigenic substance cannot be estimated. 
But with the use of stable radioactive substances the problem appears to be rather 
simple. This method has yielded positive results in experiments on white rats 
and mice. The authors give a brief résumé of successful experiments by previous 
investigators. They give in detail protocols of a number of their own experi- 
ments on the albino rat, the albino mouse and the guinea-pig. Ten sarcomas 
were produced in rats in a period of from eight to twenty-two months. Three 
sarcomas developed in mice in eight months, and one epidermoid cancer in ten 
months. It took from ten to twenty-five months to induce two sarcomas in 
guinea-pigs, and nearly two years to initiate epithelial blastomas of the biliary 
tract, the stomach and the kidney, respectively, in the same animal. 

The authors emphasize that by the introduction of radioactive foci one obtains 
results that are superior to those obtained by previous methods in that a greater 
variety of tumors are produced, and also in that it is possible to inaugurate blas- 
tomas in different organs. The article is profusely illustrated. 

B. M. FRiep. 


Two CAsEs oF CANCER OF THE BREAST IN THE MALE. DESSAINT and PLANTE- 
vin, Bull. Assoc. frang. p. l'étude du cancer 20:94, 1931. 


In one case, the epithelioma originated in a man aged 46; in the second case, 
the patient was 73 years old. The incidence, the etiology and the pathology of 
the disease in the male are discussed. SW Pete 

a. 2 . . 


THE ACTION OF PROTEINS ON THE GROWTH OF CANCER GRarts. G. FAVIZLI, 
SPERIMENTALE, Arch. di biol. 84:489, 1930. 


The stimulation of the reticulo-endothelial system by means of hypodermic 
injections of proteins favors the growth of grafts of mouse cancer and rat sar- 
coma in mice and rats, respectively. This is proved by the greater number of 
positive results and the more rapid evolution of the grafts compared with those 
in control animals. Such results stand in opposition to the presupposition that 
the stimulation of the reticulo-endothelial system and of its defensive powers 
checks the growth of grafts. An explanation of this fact is furnished by the 
development of grave splenic amyloidosis caused by the treatment with proteins. 


G. PAaTRASSI. 


A Primary LEIOMYOPLASTIC SARCOMA OF THE SKIN. W. NEUMANN, Centralbl. 
f. allg. Path u. path. Anat. 52:65, 1931. 


The tumor mass, 4 by 5 cm. and of at least two years’ standing, was removed 
from the ankle of a woman 48 years old. Clinically, it had been diagnosed a 
fibroma, and macroscopically it resembled a desmoid or myoma. Microscopically, 
the origin of the tumor from the smooth muscle of the blood vessel coursing 
through it was evident. Although evidently malignant, the tumor had not formed 


metastases. 
GEORGE RUKSTINAT. 
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NEURINOMA OF THE PIA MATER OF THE BRAIN. G,. Partrasst, Centralbl. f. 
allg. Path. u. path. Anat. 52:209, 1931. 


A meningeal tumor on the medial surface of the right occipital lobe of a 
woman 47 years old formed the basis for this report. The tumor was 6 by 7 
by 5.5 cm., was found in the pia mater, and had no definite capsule but showed 
a thickening of its fascicular network near the periphery. The outer layers con- 
sisted of a fibrillar network rich in long nuclei, which imparted a bundle-like 
appearance to the mass in places. The network was not connective tissue, and 
in it were concentric arrangements of cells as in a pacinian corpuscle. The 
central fields had, instead of a fibrillar and cellular syncytium, coarse and com- 
pact strands of a homogeneous substance that reacted typically for connective 
tissue. Also here occurred masses of flattened and polyhedric epithelial-like cells. 
In the portions near the brain were retrogressive changes due to compression. 
In order to reconcile the various structures in the tumor with its location, the 
author agrees with Oberling that the pia may act to the brain as Schwann’s 
sheath does to peripheral nerves. Thus a tumor arising from a meningoblast 
(a primitive cell of neuro-epithelial nature) might become epithelial, glial or sar- 
comatous. The author noted the resemblance, in some locations, of the pacinian 
corpuscle-like structures to the hypertrophy of Schwann’s cells in progressive 


hypertrophic neuritis. GreorcEe RUKSTINAT 


RESPIRATION OF NORMAL AND Tumor Tissues. Bruno Kiscu, Miinchen. 
med. Wchnschr. 78:1254, 1931. 


The results of many experiments with twenty animals bearing the Jensen rat 
sarcoma and the Ehrlich mouse carcinoma, and of study of their tumors, livers, 
hearts and kidneys and the tissues of healthy control animals, lead to the con- 
clusion that tumor tissues in contrast with all of the others have a marked sta- 
bility or torpidity toward respiratory stimulants. Respiratory inhibition by a 
dearth of calcium salts does not occur in tumor tissues. Small doses of trivalent 
elements such as boron and aluminum do not act as respiratory stimulants in 
tumor tissues, although higher concentrations are toxic as in normal tissues. 


AUTHOR’s SUMMARY. 


Turrty YEARS’ STATISTICS FROM THE RIGA STADTKRANKENHAUS. Ztschr. f. 
Krebsforsch. 32:280, 1930. 


Among 14,893 autopsies performed at the Riga city hospital in the last thirty 
years, 2,083 showed the presence of malignant tumors. During the five year 
period from 1900 to 1904, 11.6 per cent of the males and 12.55 per cent of the 
females showed tumor, while in the corresponding period from 1925 to 1930 the 
percentages were 20.42 and 16.15 per cent, respectively. In Riga, as in most 
European cities, there has been a relative increase since the war in the groups 
of more advanced ages. In both sexes, cancer of the alimentary tract is becom- 
ing less frequent, except that there has been a threefoid to fourfold increase of 
pancreatic cancer. Prostatic cancer, formerly relatively rare, has shown an 
increase in recent years. With uterine cancer there has been no change; with 
ovarian, a slight increase. Cancer of the lung has increased greatly in frequency ; 
in 1929, it was ten times as frequent in men, and nine times in women, as in 
1900. Tumor of the brain was found at autopsy twice as often in women as in 
men, and it appears to be increasing in frequency in the former sex, while becoming 
less common in the latter. As regards the lymphatic system, malignant growth 
here was commoner in males. During the thirty years there has been no evident 
change in the age distribution of cancer of the various organs. 
H. E. Eacers. 
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A Mrxep CARCINOMA OF THE Ductus CHortepocnuus. A. Feur, Ztschr. f. 
Krebsforsch. 32:367, 1930. 


Fehr describes a cancer of the common bile duct that showed the presence 
of both glandular epithelium and keratinized stratified squamous epithelium. In 
both the primary tumor and its metastases, the two types were connected by 
such definitely intermediate forms as to leave little doubt of their development 
from a common source. oF Went 


TRAUMA AND TuMOR ForRMATION. R. WERNER, Ztschr. f. Krebsforsch. 32: 
599, 1930: 


Werner discusses the relations of trauma, in the broadest sense of the word, 
to the causation of tumors. He points out the wide differences in the probability 
of this association between certain types of injury, as for instance that by x-rays, 
in which cancer is a not infrequent sequel, and mechanical trauma, in which it 
follows only occasionally. The latter relationship is the one he discusses most 
fully. He points out that an uninterrupted sequence of changes between injury 
and cancer is not essential, since at times the latter may appear at a site of 
previous injury or irritation even though, with removal of the causative element, 
there may have intervened a long period of apparently complete healing. ‘The 
development of malignancy in these or allied circumstances may be rendered more 
probable by the action of concomitant factors, such as associated syphilis, pro- 
longed or repeated action of the initial injurious factor, or the culminative effect 
of various agencies—to say nothing of what can only be termed a familial pre- 
disposition. As regards the usually accepted belief that a single trauma is more 
likely to be followed by sarcoma and long continued chronic irritation by car- 
cinoma, he points out that exceptions to this rule are sufficiently frequent to 
make it impossible to predict with any certainty the type of malignancy that will 
follow injury of either sort. As an explanation of the mechanism by which 
injured tissues become malignant, he suggests that it is the result of a more or 
less gradual alteration in the cellular metabolism, brought about in conditions of 
acute trauma by consequent persistent “internal irritation’”—an alteration from 
the normal oxidative metabolism to the glycolytic type studied principally by 


Warburg. H. E. Eccers. 


CANCER OF THE LUNG IN THE MINERS OF JOACHIMSTHAL, CZECHO-SLOVAKIA. 
H. Sixt, Ztschr. f. Krebsforsch. 32:609, 1930. 


While the occupational incidence of cancer of the lung has been noted in the 
case of the Schneeberg miners for a considerable length of time, it is only recently 
that it was found by Léwy that miners of the Joachimsthal region were also 
subject to it. Since then the problem has become a matter of state investigation, 
with autopsies whenever possible. There have been ten autopsies among fifteen 
deaths in the last eighteen months, and in no less than eight of these cancer of 
the lung was found. Analysis of a portion of one of the diseased lungs failed to 
show the presence of any substance of presumable cancerigenic action, and Sikl 
suspects that the high radioactive emanative content of the air of the mine may 


be responsible. H. E. Eccers 


PRECANCEROUS CHANGES CAUSED BY THE X-Rays. O. Scnuitrcn, Ztschr. f. 
Krebsforsch. 33:1, 1930. 


Schiirch reports the results of studies of the cancerigenic action of the x-rays 
on the rabbit’s ear. A long period, two years or more, and a prolonged and 
heavy dosage, short of single applications sufficiently dense to cause immediate 
necrosis, were necessary, but even with these precautions development of cancer 
was only occasional. Such animals as did not become cancerous showed changes 
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of somewhat varied types; in some, there appeared small, warty lesions, with 
perforation supervening later, with or without preceding atrophic changes; in 
others, the latter were the outstanding feature. When the warty growths were 
present, they continued to develop throughout the period of exposure, but did not 
become cancerous. In still other cases, there was early and extensive, but delim- 
ited, necrosis. In those lesions that later developed into cancer, the outstanding 
peculiarity, after atrophy and perforation, was the appearance of successive and 
recurring small erosions, at the sites of which usually, but not invariably, local 
hyperplasia and development of cancerous growth occurred. Cancer evidently 
did not occur as a regular stage of the inflammatory reaction, but only through 
a peculiar evolution of this; so that roentgen dermatitis is definitely precan- 
cerous only in the clinical sense; in it cancer is a secondary, nonessential change, 
and the morphologic changes of roentgen precancer in the rabbit are those of 
the secondary erosive lesions. 2 Semmes 


PRECANCEROUS CHANGES. O. ScHitrcn, Ztschr. f. Krebsforsch. 33:35, 1930. 


In a general discussion of the nature of precancerous change, to which he 
appends an exceptionally complete bibliography, Schiirch takes the well grounded 
position that precancer does not so much represent a definite disease type as an 
intermediate stage between normal and cancerous tissue. Morphologically, this 
stage is represented by proliferative epithelial changes, atypically arranged and 
with abnormally formed cells and nuclei, accompanied by changes in the under- 
lying connective tissue. But even these changes are not necessarily precancerous, 
as they are distinctly reversible. Just as important as the morphologic changes 
are the clinical features—the character of the irritation, the nature of the tissue, 
the heredity and the possible metabolic or endocrine dysfunction. Clinically, a 
sharp differentiation should be made between lesions that are actually cancerous, 
such as basal cell carcinoma or Paget’s disease of the nipple, lesions that experi- 
ence has shown are precancerous with some regularity, such as senile hyper- 
keratosis, papillary leukoplakia and lentigo maligna, and lesions that become 
cancerous only occasionally and exceptionally, such as lupus vulgaris. 


H. E. Eacers 


DousBLeE TuMOR OF THE SToMACH. A. ScHUBACK, Ztschr. f. Krebsforsch. 33: 
126, 1930. 


There is reported a case of double tumor of the stomach—adenocarcinoma and 
lymphosarcoma—both of which were apparently primary there. The writer sug- 
gests as the probable explanation a primary carcinoma, with irritation of the 
lymphadenoid tissue to the point of malignant metaplasia by material absorbed 
from the first tumor; all this occurred in a person in whom both types of tissue 
were highly susceptible to malignant change. 2 Mecsas 


CHORIOCARCINOMA IN THE MALE Sex. C. G. AntstrOm, Acta path. et. 
microbiol. Scandinay. 8:213, 1931. 


The discussion is based on three tumors: a retroperitoneal choriocarcinoma 
arising from a retained anlage; a combination in one testicular tumor of chorio- 
carcinoma, large cell carcinoma and adenocarcinoma; an adenocarcinoma of the 
testis admixed with syncytial elements, in the metastasis of which were typical 
choriocarcinomatous formations. In spite of the morphologic similarity between 
choriocarcinoma in woman and that in man, the evidence at hand is not sufficient 
to establish a histogenetic identity. The following considerations speak against 
the identity of choriocarcinomas in the two sexes: Teratomatous choriocarcinoma 
occurs almost exclusively in the male sex, with localization in the testicle: the 
metastases are localized quite regularly in the retroperitoneal lymph nodes, and 
combination with carcinoma may occur, suggesting that choriocarcinoma in the 
male sex is a peculiar testicular tumor. 
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Medicolegal Pathology 


STRUCTURAL CHANGES IN THE BRAIN OF Docs IN RaAPip CARBON MONOXIDE 
AspHyxia. J. CHORNYAK and R. R. Sayers, Pub. Health Rep. 46:1523, 


1931. 


Chornyak and Sayers studied the cerebral changes produced in dogs by fatal 
exposures of twenty to thirty minutes to 0.6 per cent by volume of carbon 
monoxide in air. 1. The circulatory changes in the brain in rapid carbon monoxide 
asphyxia are characterized by dilatation, stasis, perivascular hemorrhage and 
edema. 2. Edema is diffuse and severe. It is both perineuronal and perivascular. 
3. There is a marked difference in the susceptibility of the nerve cells to oxygen 
deprivation. The cells of the cortex, corpus striatum, dorsal motor nucleus of 
the vagus and the dorsal sensory areas of the medulla are the most sensitive. The 
nucleus ruber, nuclei of the oculomotor, trochlear, abducens and facial nerve and 
the large polygonal cells in the reticular formation of the medulla are the least 
susceptible. 4. There are two general types of degenerative changes in the nerve 
cells following asphyxia: (a) Some become shrunken and stain diffusely; (b) 
others show varying degrees of chromatolysis. 5. Carbon monoxide produces a 
diffuse degenerative change throughout the entire brain. 6. In this type of 
asphyxia the most serious effect appears to be edema of the dorsal motor nucleus 
of the vagus and the adjacent area in the medulla oblongata. 


THE LEGAL AND SOCIAL MEDICINE OF AUTOMOBILE ACCIDENTS. C. SIMONIN, 
Ann. de méd. lég. 11:286, 1931. 


The large majority of automobile accidents are due to physical or mental 
inefficiency of the persons concerned. The solution of the problem demands more 
efficacious physical and psychic examinations of prospective drivers, thorough and 
immediate factual and pathologico-anatomic investigation of all accidents by 


medical experts, and enlightened methods of educating both the motoring and the 
nonmotoring public. ER. M. Barron 


FATAL PoIsoninc By SopiuM CHLORATE. C. StRzyzowsk1, Ann. de méd. lég. 
11:528, 1931. 


The demonstration of a chlorate in the organs after poisoning by that salt 
is rare, but it may generally be found in the urine, as in the case of a 65 year 
old man who swallowed from 20 to 30 grains (1.3 to 1.95 Gm.) of sodium chlorate 
by mistake. Death followed in less than twelve hours. Painstakingly controlled 
chemical examination demonstrated a chlorate in considerable amounts in the urine 
obtained at necropsy, and traces of it in the brain and kidneys. None was found 
in the stomach, liver or blood. The latter was brown from methemoglobin. The 
lethal dose of sodium chlorate is probably about 12 grains (0.78 Gm.). 


E. M. Barton. 


SUBCUTANEOUS HEMORRHAGES IN BULLET Wounpbs. R. PI£DELIEVRE and 
P. Errenne-Martin, Ann. méd. lég. 11:569, 1931. 


The circular zone of ecchymosis in the skin surrounding the orifice of entry 
of bullet wounds is not due, as formerly held, to trauma by the gun muzzle. It 
is present in wounds by bullets fired at a distance. In addition, experiments in 
firing shots through varnished rubber sheets have demonstrated cracks and defects 
in the varnish in patterns analogous to the zones of hypodermal hemorrhage seen 
microscopically, as well as grossly. Apparently a bullet entering the skin stretches 
it causing rupture of small blood vessels in the less supple subjacent tissues. 


E. M. Barron. 
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ACCIDENTAL FLuoRIDE Porsontnc. J. SEDLMEYER, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 17:228, 1931. 


A detailed account is given of an accidental poisoning, first suspected of being a 
homicide, due to contamination of food (flour) with sodium silico fluoride 
(NasSi Fs) with description of the chemical procedures employed in its detection. 


E. L. MILostavicn. 


SUICIDAL FLuorIDE PorsoninGc. J. SEDLMEYER, Deutsche Ztschr. f. d. ges. 
gerichtl. Med. 17:234, 1931. 


The author gives a brief description of a case involving a 21 year old woman 
who ingested an insect powder, with suicidal intent. Severe vomiting and diarrhea, 
intense convulsions with subnormal temperature and unconsciousness developed, 
leading to a rapid, fatal end. The chemical analysis of the remaining powder, as 
well as of the internal organs, proved the presence of sodium silico fluoride 
(Nas Si Fs). The mucous membrane of the stomach and of the upper part of the 
small intestines appeared swollen, hyperemic and partly covered with hemorrhages. 


E. L. MILosLavicu. 


Technical 


AN IMPROVED ANTIGEN FOR THE COMPLEMENT-FIXATION TEST IN YELLOW 
FEvER. MARTIN FROBISHER, JR., Am. J. Hyg. 14:147, 1931. 


The serum of persons or monkeys actively immunized to yellow fever will fix 
complement when mixed with saline extracts of the liver from monkeys that 
have died of yellow fever. A new procedure for the preparation of the antigen, 
made fat-free, is presented. — oe 


PRESERVATIVE FOR SMALL BLoop SAMPLES SENT THROUGH THE Marts. A. R. 
Rose and F. ScHALTNER, J. Biol. Chem. 92:17, 1931. 


A powdered, anhydrous mixture of sodium sulphate and sodium fluoride is 
recommended for the desiccation and preservation of small samples of blood. A 
series of samples preserved in this manner showed no significant change in sugar 
content after storage for intervals of from 0.25 to 1.5 years. 

ARTHUR LOCKE. 


Hinton, KAHN AND WASSERMANN TESTS IN DrABETES. H. F. Root and G. O. 
Stuart, New England J. Med. 204:1179, 1931. 


The three tests were made simultaneously on 1,078 specimens of diabetic blood. 
There was disagreement in the results in 59 cases. Variations in the chemical 
composition of the blood did not cause false positive tests in any case. The Kahn 
test gave the largest number of doubtful results and the Hinton test the smallest. 


THE PREPARATION AND STANDARDIZATION OF COLLOIDAL GOLD FOR THE 
LanGE Test. J. Patrerson, Brit. J. Exper. Path. 12:143, 1931. 


A method is described for the preparation of colloidal gold for use in the 
Lange test in which the reactions are more closely controlled and a more uniform 
product obtained. A single preliminary test can be carried out on a small sample 
to insure success of the bulk preparation, and the process itSelf is relatively immune 
to the presence of traces of impurities. A method for adjusting the reaction of 
the colloidal gold is also described, the standard being a solution of oxyhemoglobin 
rather than titration with saline solution. Ce thew a 
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Society Transactions 


NEW YORK PATHOLOGICAL SOCIETY 
Regular Meeting, Oct. 8, 1931 


LerLra CHARLTON Knox, President, in the Chair 


INFECTION WITH A So FAR UNDETERMINED PARASITE (Lantern Slide Demonstra- 
tion). ALFRED PLAUT. 


By a curious coincidence, two instances of infection with a parasite unknown 
to the author and never seen by many authorities to whom the slides were sub- 
mitted came to observation within the course of a few weeks. They are reported 
in the hope that other observations of a similar kind may be made, or perhaps 
may already be on record. 

CasE 1—A white man, 38 years old, a resident of New York, had been in 
good health up to two years ago, when nausea and repeated vomiting with inability 
to retain food caused him to lose 25 pounds (11.3 Kg.) within a few weeks. He 
felt weak and had no appetite. He forced himself to eat and tried to restrain 
the vomiting. He was a man of asthenic type, emaciated and pale, but not acutely 
ill. There was a tenderness on pressure in the right upper quadrant of the abdomen. 
There was a suggestion of a mass in that area. 

A diagnosis of carcinoma of the stomach was made, and a resection performed. 
At operation the stomach appeared normal from the outside; the great omentum 
contained numerous, large lymph nodes. The interior of the stomach was polypoid. 
After the resection and the gastrojejunostomy, the patient recovered and was dis- 
charged twenty days after operation. He went to a convalescent home for several 
months, and then resumed his office work. He had gained 30 pounds (13.6 Kg.), . 
and he retained his weight, but still remained underweight. Later examinations 
revealed persistent eosinophilia (about 10 per cent) in his blood, with otherwise 
normal blood findings. X-ray pictures of the chest showed old and recent 
tuberculous lesions. 

The gross specimen consisted of a piece of stomach measuring about 10 by 9 cm. 
A piece of omentum 15 cm. wide and 5 cm. long was attached, and contained 
lymph nodes measuring up to 3 cm. long. They were homogeneous and fairly 
soft, with a light brownish, granular cut surface. Smaller nodes were found in 
adhesions between the stomach and the omentum. The serosa otherwise was 
smooth. The gastric wall was normal in thickness in most of the specimen, but 
one end was considerably thickened, up to a little more than 1 cm. The tissue, 
however, did not appear firm. The condition of the mucosa at this end could 
be judged, since an incision had been made previously. The thickening was partly 
due to swelling of the mucosa and partly to hypertrophy of the muscle coat. 
Sections were taken from the thickened part and the very thin part of the specimen. 

Microscopically, the thickening appeared to be due mainly to hypertrophy of 
the muscle. The mucosa was widely infiltrated with epithelioid cell tubercles, the 
picture being such that nobody at first glance would hesitate to diagnose tuber- 
culosis. The pictures very much resembled the universal sclerosing, tuberculous, 
large-celled hyperplasia described by Mylius and Schuermann. The difference, 
however, was that in their sections only small, calcified bodies in giant cells were 
observed, while in our material distinct parasites could be found. These parasites 
at first resembled yeasts. They were, however, considerably larger. In the 
celloidin-paraffin section, the ovoid space from which a parasite had fallen out 
measured 44 microns (fig., D). In the paraffin sections, the measurements varied 
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between 28 and 34 microns. Few well preserved parasites could be found; perhaps 
none of them showed its original shape. They had a distinct shell, which occa- 
sionally showed a double contour (fig., B), and they had a round central body 
which, with calcification, became deep blue in hematoxylin; in some obviously 
noncalcified individuals, it was moderately blue (fig., C). The character of this 


An undetermined parasite: A, giant cell containing ovoid cavity in which are 
broken masses representing the parasite; B, parasite the shell of which has a 
double contour; C, the round central body of the parasite, stained deep blue with 
hematoxylin; D, ovoid space from which a parasite has fallen out; E, a shamrock 
formation. 
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round mass could not be determined. Occasionally, a shamrock formation (fig., EZ) 
was found, with what appeared to be three nuclei in a partly subdivided, perhaps 
cytoplasmic mass. In most of the giant cells, the ovoid cavity contained only 
irregular, more or less broken masses (fig., A). The calcified individuals gave a 
positive Kossa reaction; otherwise, no special staining was successful. The Gram 
stain was negative; the parasites were not acid-fast. The lymph nodes from the 
omentum gave the same picture. This description applies also to the sections 
from the second case. 

Case 2.—A Russian woman, about 50 years of age, who was otherwise in 
good health, complained of heaviness in the eyelids which had increased within the 
last few months. In both eyelids, flat, somewhat crescent-shaped, firm infiltrations 
could be palpated. At operation on one eye, the infiltration was seen to reach 
deep into the orbit. The infiltration could be shelled out easily from between the 
tarsus and the skin of the eyelid. It was firm and on the cut surface grayish. 
The microscopic picture was as described. 

From the material of the other eye, cultures were made on Sabouraud and 
other mediums, which had been especially adjusted for the growth of yeast. All 
the cultures remained sterile. Small pieces of the tissue a few minutes after 
operation were implanted into subcutaneous pockets in a dog, a rabbit, a guinea- 
pig, a rat and a mouse. The mouse died. All the other animals remained healthy 
for several months; the small wounds healed without reaction. 

The x-ray picture of the chest of this woman revealed mediastinal swellings, 
which may or may not have been due to a similar granulomatous process. 


An ANALYSIS OF THE BLOop PicTtuRE IN ONE HuNDRED CASES OF CANCER. 
MavuRIceE Morrison (by invitation). 


One hundred consecutive cases of cancer were studied hematologically. The 
bleeding time was less than one minute in two thirds of the cases. In only one 
instance, a case of cervical lymphosarcoma, it was increased (four minutes). The 
clot retraction time was normal. 

The tourniquet test was almost always negative. The platelets varied from 
150,000 to 400,000 in 95 per cent of the cases. Thrombocytopenia was*uncommon. 
Thrombocytosis, on the other hand, was far more frequent. 

The coagulation time was found to be within normal limits or slightly reduced. 

The hemoglobin presented two extremes. Low readings, found in half the 
cases, were most frequently seen in those of gastro-intestinal cancer, the blood 
in cases of gastric involvement yielding an average of 38 per cent hemoglobin, and 
in cases of carcinoma of the colon, an average of 50 per cent. Higher readings 
were found in cases of pulmonary and mammary cancer, the hemoglobin averaging 
67 per cent in the former and 69 per cent in the latter. In half the cases, a 
marked disparity was present in the relation between the hemoglobin and the 
red cell count. 

In the study of anemia in malignant conditions, it was found expedient to 
employ the term erythrocytopenia to indicate a low red cell count, and the term 
hemoglobinopénia to indicate a low hemoglobin value. Cases in which there were 
lesions in the stomach yielded the lowest number of red cells (average 3,690,000), 
whereas those in which there were lesions in the colon, lung, breast and pancreas, 
and sarcomas, yielded the higher numbers, the average range being from 4,000,000 
to 5,000,000 red cells per cubic millimeter. Higher red cell and hemoglobin values 
were found in cases with involvement of the left side of the colon than in those 
with involvement of the right side. 

Color Index.—The majority of the cases showed a low color index, although 
in seventeen it was high. 

Red Cells.—The most outstanding feature was anochromasia, which was present 
in fifty-two cases. 

Leukocytosis—This was present in 61 per cent of the cases. Two terms are 
used that require definition. “Asegmentopenia” may be defined as the absence of 
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a concomitant increase of band forms accompanying leukocytosis. This was 
observed in 85 per cent of the cases presenting leukocytosis. “Aneosinopenia” 
may be defined as a condition in which there is a persistence of eosinophils in the 
presence of a neutrophilic leukocytosis. Ninety-five per cent of the cases pre- 
senting neutrophilic leukocytosis were associated with aneosinopenia. 

Twenty-one cases presented leukopenia, with a count below 8,000. Relative 
lymphocytosis was present in five of these. Metastases were present in 57 per cent 
of the cases presenting leukopenia. 

Types of Blood Pictures in Malignant Conditions.—It was found that the blood 
picture presented in cases of malignant growth was of five types: (1) stimulative, 
(2) irritative or leukemoid, (3) infiltrative or dysplastic, (4) destructive or 
myelophthisic, and (5) indeterminate. 

Stimulative: This type of picture, which was present in 55 per cent of our 
series, consists mainly of slight leukocytosis (from 10,000 to 12,000), moderate 
neutrophilia (from 75 to 80 per cent), asegmentopenia and no significant myeloid 
changes. Leukocytosis and neutrophilia run parallel. Aneosinopenia is usually 
present. If there are any changes in the lymphoid elements, there is usually an 
increase in the large variety. Erythrocytic changes are insignificant. This picture 
reflects a physiologic change in the bone marrow, which is mainly one of hyper- 
plasia, due to stimulation. A hypothetic neoplastic toxin produced in the primary 
or metastatic focus may be responsible for this picture. 

Irritative, Leukemoid, Slight Osteoplasia: This type of picture, which was 
present in 16 per cent of the cases, consists essentially of moderate leukocytosis 
(12,000 or more), and moderate neutrophilia (80 per cent or over). Asegmento- 
philia is usually present. The leukocytosis may be disproportionate to the 
neutrophilia; neutropenia may even occur. Asegmentopenia may sometimes occur ; 
aneosinopenia is usually present. There may be an occasional myelocyte or meta- 
myelocyte. There are no changes in the lymphoid elements; erythrocytic changes 
may consist of an increased reticulation or anochromasia. This picture may result 
from microscopic metastasis in the red marrdw areas which may be detectable 
on roentgen examination, or the result of slight osteoplastic changes. 

Infiltrative, Dysplastic or Moderate Osteoplasia: This type was found in 
9 per cent of the cases. Essentially, the blood picture presents slight leukopenia 
(from 5,000 to 8,000), slight neutropenia (from 50 to 60 per cent) and relative 
lymphocytosis (from 30 to 40 per cent). If neutrophilia is present, there is 
usually a combination with the irritative, leukemoid, slight osteoplastic type. 
Asegmentopenia is usually absent, but may be present. Asegmentophilia is usually 
present, but may be absent. There may be present myelocytes and metamyelocytes. 
Should there be a relative lymphocytosis, there is a shift to the left; that is, the 
large lymphocytes are increased. Erythrocytes usually show moderate changes, 
as manifested by hypochromasia, anochromasia, polychromasia and occasional 
normoblasts. Pathologically, the bone marrow may be the seat of microscopic 
metastasis or of a moderate degree of osteoplasia. The metastasis may or may 
not be discernible in the x-ray picture. 

Destructive, Myelophthisic, Marked Osteoplasia: This type of picture was 
present in 7 per cent of the cases. Essentially, the blood findings are as follows: 
moderate leukopenia (below 5,000), moderate neutropenia (below 50) and moderate 
relative lymphocytosis (over 40). Asegmentopenia is usually absent; asegmento- 
philia is usually present; myelocytes, metamyelocytes and myeloblasts may be 
present. If relative lymphocytosis is present, there is a shift of the lymphocytes 
to the left. Erythrocytic changes may be manifested by the presence of normo- 
blasts, reticulocytosis and polychromasia. Pathologically, there may be macro- 
scopic metastasis in the bone marrow or the presence of a moderate degree of 
osteoplasia. 

Indeterminate: In this picture the criteria outlined are indefinite or insufficient 
for accurate interpretation. It was present in 13 per cent of the cases. 

It is of interest to know whether a study of the blood can be of aid in early 
diagnosis, early enough to be of benefit to the patient. One may readily conclude 
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that the only cases in which this can be of aid is in those presenting the stimula- 
tive type of blood picture, before the onset of metastasis. For purposes of ultimate 
prognosis and treatment, the cases presenting the stimulative type of blood picture 
may be divided into two subgroups: (1) those without metastasis, and (2) those 
with metastasis. Sixty per cent of the cases that present the stimulative type of 
blood picture have no demonstrable metastasis. Theoretically, therefore, it should 
be possible to diagnose a malignant condition in almost one third of the cases at 
a time when metastasis is clinically absent. 
DISCUSSION 

Max LeEpERER: Dr. Morrison was prompted to make this study by two 
considerations. The first was the unsatisfactory condition of the literature regard- 
ing the blood in malignant conditions. There are contradictory statements in the 
literature, which are based on studies of small numbers of cases. He wished 
to see if in the blood pictures in an unselected group of 100 consecutive cases 
there was anything that might point toward a diagnosis of malignant growth, and 
serve perhaps either to exclude the condition or to corroborate the suspicion in 
the mind of the clinician. As a matter of fact, when put to the test, Dr. Morrison 
was able to arrive at more than a suspicion of malignancy in some doubtful cases 
in which the clinician was unable to make a diagnosis, and subsequent events 
showed that the cases were malignant, which bears out the assertion that a careful 
hematologic study in some instances may lead to a diagnosis of cancer. 

There is one striking point, namely, the presence of leukocytosis, with the 
absence of band forms. This is not an unusual finding, and this one fact more than 
any other may strengthen a suspicion of malignancy. The absence of eosinophilia 
(Dr. Morrison used a term that is a rather peculiar one — aneosinophilia — but it 
is the only one that he could find to express his meaning) strengthens that suspicion 
still more. I think he has made a valuable contribution, however, from another 
point of view, and that is in attempting to divide the blood pictures into various 
groups according to types. I believe these represent changes in the bone marrow 
in the various stages of malignancy. Whether they are due to the presence of a 
hypothetic toxin or to the direct mechanical metastases we do not know. A great 
deal has been written on this subject, and so we do not want to speculate on it, 
but I feel that these five pictures do not represent different phases of the blood 
picture in malignancy, but rather different stages in the development of the disease, 
with perhaps an indication as to its severity. 


EXTRAGENITAL CHORIONEPITHELIOMA IN A MAN. A. R. KANTROWITZ. 


Necropsy disclosed in a man, aged 22, a teratoma of the anterior mediastinum 
containing chorionepitheliomatous elements. The tumor invaded the superior vena 
cava and studded both lungs with chorionepitheliomatous metastases. Careful gross 
examination revealed no metastases in other organs or lymph nodes. The genital 
tract (testes, vas deferens, seminal vesicles and prostate) showed no tumor nodules. 
The testes were sectioned in 2 mm. blocks, and slides were made from each block. 
Examination revealed no tumor nodules. Microscopic examination of the tumor 
revealed teratomatous and chorionepitheliomatous elements. Orly chorionepi- 
thelioma was found in the pulmonary metastases. The testes showed no neoplastic 
elements. Marked interstitial cell hyperplasia was seen. These observations refute 
the contention of Prym and Oberndorfer, the latter writing “dass beim Mann das 
Chorionepitheliom immer mit Keimdriisengeschwiilsten in Zusammenhang stehen 
muss.” The Aschheim-Zondek test was positive, both in the urine and in the 
extracts of the tumor tissue. 

DISCUSSION 


LerLaA CHARLTON Knox: In reference to the tumor that was reported by Dr. 
Lambert and myself, I reviewed the report of the autopsy for a definite statement 
about the testes. It is unfortunate that there is no definite record on this point. 
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The finding of a “healed tumor nodule” would not seem to me a contribution 
to the subject, since one must find actual tumor cells to establish a diagnosis. 


Ropert T. FRANK (by invitation): Dr. Kantrowitzzasked me to discuss his 
case, and I do so with greater pleasure because I recall that the first presentation 
that I made in my youth was before this society twenty-six years ago, on this 
very subject. At that time, the discussion centered mainly on the morphologic 
characteristics of these growths; that is, the first report that was made of this 
type of tumor was by Malassez and Monod in 1878. They called it “angioblastic 
sarcoma,” recognizing its intimate relationship with the blood vessels. In 1902, 
Wlassow recognized its resemblance to chorionic elements, both normal and 
abnormal, as we see them in hydatid moles, and Schlagenhaufer spoke of their 
being formed on a teratomatous basis. I am confining what I have to say to 
teratomatous testicular tumors and their appearance in other organs, as well as 
primary chorionepithelioma of the mediastinum. As I said, at that time, the 
morphology was the only thing of interest, as the biologic method did not allow 
of testing. Today the matter stands on a different basis. With the various 
biologic tests available, we are more interested in determining whether the biologic 
reactions produced by these tumors are the same as those found in the female. The 
biologic tests in question are the prepituitary reaction first described by Aschheim- 
Zondek, in which we have three degrees to be considered: reaction 1, which is 
not specific for pregnancy but means simply that follicular growth is induced in 
the ovary, and reactions 2 and 3 of Aschheim-Zondek, which are specific for 
pregnancy. They show themselves macroscopically as ovulation with hemorrhage 
in the follicle and luteinization of the ovary in these immature animals. That 
is definitely specific. The recent work of Heide, Fels and Mathias, which was 
performed on the urine and blood in such a case of testicular chorionepithelioma, 
showed a definite pregnancy reaction. The other reaction is a demonstration of 
the female sex hormone in the blood and urine in these persons to a point higher 
than is found in males, because as most of you know it is occasionally found in 
small quantity in the male. In cases in which the tests have been successful, they 
have corresponded to the biologic reaction found in the chorionepithelioma of the 
female, that is, an exaggeration of the pregnancy reaction in both the male and 
the female. 

Strange to say, we have had occasion at Mount Sinai Hospital to see three 
chorionepitheliomas in the male within a period of three or four weeks. One 
was observed only clinically in the sense that roentgen examination and biopsy 
determined scattered tumors in the lung of the patient. The presence of gyneco- 
mastia, a strong positive Aschheim-Zondek reaction and a very strong female sex 
hormone reaction strengthened the diagnosis. The second case was that of a 
chorionepithelioma of the testis removed with metastases, in which the same 
reactions were found. The third case was that presented here, in which a strong 
Aschheim-Zondek reaction was shown and in which while the female sex hormone 
test on the urine was unsatisfactory, because the quantity obtained post mortem 
was insufficient, an extract of the tumor tissue gave the female sex hormone 
reaction. 

These biologic reactions may seem to the uninformed only curious phenomena, 
but they have an extremely valuable diagnostic and prognostic value. In these 
cases, during the presence of the growth, the reaction is positive; after removal 
of the tumor, it becomes negative, and several observations are on record of 
how, after a shorter or longer period had elapsed before clinical signs were present, 
the return of a positive reaction demonstrated the presence of growing metastases. 

One further word: I think the criteria of Prym are a trifle too strict. I 
do not for a moment say that the testicle should not be carefully examined, but 
in cases in which there is a circumscribed three-layered teratoma in the medias- 
tinum, I think it may be definitely stated that the primary origin of the chorion- 
epithelioma is at that site. 
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Paut KLEMPERER: I must agree with Dr. Frank that the criteria of Prym 
are a bit strict regarding the existence of a primary extragenital chorionepithelioma 
in the male. However, we have to face the fact that in the majority of these 
cases in which extragenital chorionepithelioma was diagnosed, the testicles were 
not examined sufficiently, and therefore there has been so far no definite proof 
that Prym’s contention is not correct. In this case, the testicles were cut in 
very thin slices, and many sections of each slice were examined microscopically. 

In regard to the fact that a tumor, particularly chorionepithelioma, may heal, 
I would like to point out that chorionepithelioma in the female may disappear. 
I remember a case of this kind in which a large tumor of the lung was excised 
and proved to be a chorionepithelioma. Later on the patient came to autopsy, 
and the uterus was examined carefully; no evidence of chorionepithelioma could 
be found. 

We must be glad that this case was reported, because it proves definitely the 
existence of an extragenital chorionepithelioma in the male. 

The possibility that a teratoma may metastasize with all its structures must be 
borne in mind. I have seen cases in which the metastases contained also meso- 
dermal tissue. Of course, the chorionepitheliomatous part is usually the most 
malignant portion and produces the most widespread metastases. 


ForEIGN Bopy GRANULOMA DvE TO Spores oF Lycopopium. WILLIAM 
ANTOPOL. 


Six cases of foreign body granuloma were presented. These patients had under- 
gone a previous operation. On investigation jt was found that the spores of 
Lycopodium had been used as a dusting powder at the initial operative procedure. 
These spores correspond to the foreign bodies found in the lesions. 


DISCUSSION 


ALFRED PLaut: Dr. Antopol’s demonstration touches a problem in which I 
have been interested for a long time. Foreign bodies and foreign body reactions 
become very frequent when one’s attention is centered on them. A few examples 
of such lesions collected during the last few years may be demonstrated here 
by lantern slides. 

The picture most frequently encountered is that of suture material within giant 
cells. The suture material is easily recognized by its optical characteristics. It 
is often found because it is so highly refractive. Stewart once stated that by 
examining sections of tissue in the polariscope one can find some foreign bodies 
that otherwise escape detection. 

In the surface of the ovary of a woman who never had had any operation 
we see this very small, highly refractive foreign body with an intense inflam- 
matory reaction around it. The character and the origin of this foreign body 
remain unknown. 

During the autopsy on a man who at the age of 41 had died of prostatic 
carcinoma, a hyperemic lymph node was removed from the axillary fat. We 
see a piece of plant tissue which was situated within the lymph node without 
giving rise to any tissue reaction. Since this man had been a cigar worker, we 
can understand how the plant tissue came into his lymph stream. 

The peritoneal foreign body reaction for obvious reasons is seen most fre- 
quently in the serosa of the appendix. It may appear as a small nodule consisting 
of more or less hyalinized layers of connective tissue with plant cells in the center. 
The patient from whose appendix this section was prepared had had typhoid fever 
thirty-six years before. It may be that through a perforated typhoid ulcer 
intestinal contents escaped. 

Another slide demonstrates a piece of small intestine with plant fragments in 
the serosa. In this instance, as in many others, no history of abdominal operation, 
abdominal injury or manifest perforation of the digestive tract could be elicited. 
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Another section from the same patient contains large areas of structureless material 
similar to wood. 

The calcified mass, measuring 20 by 18 microns, that we see in this slide can 
be recognized as being of plant character. In this instance, also, no evidence of 
the origin of the plant tissue could be found. 

Only two weeks ago, in the course of a gynecologic operation, a small tumor 
of the serosa of the intestine caught the eye of the surgeon. This nodule also 
consists of connective tissue with plant seeds in the center. After the material 
had been dissolved in antiformin, many stone cells could be found. 

Very peculiar pictures result from the presence of calcified round bodies similar 
to psammoma bodies in the peritoneum. They may, as Kaufmann stated, result 
from Schmorl’s nodules after pregnancy. They may belong to the still unexplained 
disease of peritonitis arenosa. In our specimen, the psammoma bodies are found 
with small adenomatous tumor masses of unknown origin. The ovaries in this 
patient were normal. 

Finally, to come nearer to Dr. Antopol’s demonstration, I am showing small, 
round, distinct bodies that can be found very often in all kinds of specimens. 
They are plant spores similar to the spores of Lycopodium, only smaller and more 
regularly round. When material is handled and left open on the work bench, 
plant spores may fall into it from the air. Afterward, when the sections are 
carefully examined, because of an interest in eggs of parasites, these spores may 
easily deceive one. 

The problem of how intestinal contents can escape so frequently without giving 
any clinical symptoms still awaits solution. In material from different sources 
I have an astonishingly large percentage from patients who either were born in 
Russia or have lived in southern countries. 

Paut KLEMPERER: I am surprised that Dr. Plaut did not show us one 
foreign body reaction that we see rather frequently, namely, that in the fallopian 
tubes. This is puzzling and leads sometimes to the diagnosis of tuberculosis. I 
think it is due in some cases to insufflation of the tubes. 


ALFRED PLaut: I was in the Woman’s Hospital five years and never saw one. 


Witiram ANTOoPOL (closing the discussion): It might be of interest to note 
that in the last case in which Lycopodium granuloma had complicated tuberculous 
adenitis, there was a further complicating factor, in that there were crystals within 
the giant cells. Morphologically, these resembled magnesium silicate crystals of 
talcum. No attempt was made to identify these chemically. 


PEE AOE LE POG 








Book Reviews 


A System of Bacteriology in Relation to Medicine. Medical Research 
Council. Volume 6: Immunity. Pp. 537. Volume 8: Fungi, Streptothriceae, 
Spirochaetes, Normal Flora, Swine Erysipelas. Pp. 390. Volume 9: 
Technical Methods, General Index. Pp. 363. Cloth. Price, per volume, 
1 pound, 1 shilling, net; postage extra. London: His Majesty’s Stationery 
Office. 1930. (May be obtained from the British Library of Information, 
5 East Forty-Fifth Street, New York.) P 


The other six volumes of this system have been reviewed in the ARCHIVES 

(10:986 [Dec.] 1930; 11:333 [Feb.] 1931). The first review describes the genera! 

plan and scope of the work. Volume 6 is devoted mainly to immunity. There 

is a chapter on the relation of bacteria to disease and one on chemotherapy. The 

various parts of immunity are discussed by writers who are actively interested in 

the subject about which they write. The total result is a good and useful summary 

of the knowledge of immunity, probably the most comprehensive at present avail- 

able in the English language. Not all the authors escape the temptation to discuss 

the problems and results of their own work so fully that a well rounded presenta- 

tion is not achieved. Volume 8 contains articles on the pathogenic fungi, the 

spirochetes, the leptospira, the normal bacterial flora of the human body and swine 

erysipelas. The articles on syphilis and yaws fail to consider adequately the 
q observations of medical officers of the American navy and army on the relationship 
between these diseases. Sporotrichosis is dismissed with a few words without 
mention of the identity of American and French sporotrichosis. And Sporotrichum 
schenckii, the causative agent of sporotrichosis, is designated erroneously as Sporo- 
> trichum beurmanii (for a full discussion of this matter of names see Davis, D. J.: 
| University of Wisconsin Studies in Science, 1921, no. 2, p. 104). Volume 9 
a contains twenty-two articles on important topics in bacteriologic technic by authors 
selected because of special fitness for their respective tasks. No effort has been 

5 made to detail all the methods used for a particular purpose. The methods 
| described are those that the authors of the articles have found to be reliable by 
} personal experience, no matter whether original with the authors or not. The 

: volume consequently gives a summary of the most advanced British technic: 
4 Probably not all the special methods of technic here described are of general 
: interest at this time. The article on the breeding, maintenance and manipulation 

of laboratory animals contains much of practical value, but the methods of securing 
human material for bacteriologic and allied purposes and of making human tests 
with bacteriologic and related substances does not receive separate consideration. 
ry Volume 9 contains the general subject index. There is no author’s index. As 
ps stated in an earlier review, there is no index in the separate volumes; the general 
Pa index, which appears to be well arranged, compact and adequate, is the master 
| key to all parts of the system. In conclusion, “A System of Bacteriology” is an 
a important addition to the literature of microbiology and medicine. It gives a well 
considered and comprehensive summary, compressed within reasonable volume, 
of the knowledge of microbiology in its medical relations after it has filtered 
through the British bacteriologic mind. The Medical Research Council has con- 
ducted a difficult and complicated enterprise to a successful result. 





































Cancer: Its Origin, Its Development and Its Self-Perpetuation. By 
Willy Meyer, Consulting Surgeon to the Lenox Hill and Postgraduate 
Hospitals, New York Infirmary for Women and Children, etc.; Emeritus 
Professor of Surgery, New York Post-Graduate Medical School. Cloth. 
Price, $7.50. Pp. 427. New York: Paul B. Hoeber, Inc., 1931. 


In this volume Willy Meyer presents an elaborate and detailed theory of the 
origin and nature of cancer. He makes full recognition of the concurrent operation 
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in the causation of malignant neoplastic disease of local and constitutional factors, 
and it is in regard to the latter that his theory is most fully developed. This he 
regards as fundamentally a matter of imbalance of salt, with an increase in the 
body of potassium salts in replacement of those of calcium. He regards such a 
substitution as at times resulting from, and at times causing, irregularities of 
the sympathetic nervous system, with a disturbance of the normal sympathetic- 
parasympathetic balance, an associated upset of normal endocrine relations and a 
greater disturbance of the imbalance of salt, the whole constituting a vicious cycle 
that may be initiated at any point in the circuit. With the development of this 
imbalance, the body cells become hydropic, with a resultant impairment of the 
healing capacity. 

In this condition, which he recognizes as nonspecific for cancer, locally irritated 
or injured body cells do not regenerate normally, and in the local circumstances 
of inferior tissues and insufficient supply of blood, there is further enhancement 
of the imbalance of salt and of alkalosis. In addition, the local process would result 
in impairment of the permeability of the tissues about the focus, even though 
the cells about to become cancerous might themselves be abnormally permeable 
as a result of breaking over of the surface film from a water-in-lipoid emulsion 
to one of lipoid-in-water. With the liberation of necrohormones from such cells 
as may have succumbed, the local retention of these in undue concentration and 
their ready absorption by the cells destined to become cancerous, an active process 
of cell division is initiated and is perpetuated by the spontaneous death, with a 
fresh liberation of necrohormones, of some of the now cancerous cells. 

Intriguing as Meyer’s theory may be, if should be fully recognized that it is 
largely speculative. While it offers an explanation, which may or may not be 
correct, of the possibilities in the way of predisposition to cancer, it accounts less 
satisfactorily for the local phases of the generation of cancer, for while the 
hypothesis of necrohormones may suffice to explain temporarily excessive cellular 
proliferation, it is difficult, particularly in view of the evidence derived from the 
experimental study of cancer, to conceive of the indefinite prolongation of such 


overgrowth by that mechanism. His theory takes almost no account of what 
would appear to be one of the most important developments of the modern study 
of cancer, the abnormal carbohydrate metabolism of the cancer cell, as elaborated 
by Warburg and his co-workers. 
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INTRACRANIAL PyOGENIC DISEASES. A PATHOLOGICAL AND CLINICAL STUDY 
OF THE PATHWAYS OF INFECTION FROM THE FACE, THE NASAL AND PARANASAL 
Arr-Cavitiges. By A. Logan Turner, M.D., LL.D. (Edin.), Hon. F.R.C.P. 
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1931. 

ASSOCIATION FRANCAISE POUR L’ETUDE DU CANCER. ATLAS DU CANCER. 
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Henri de Rothschild. Paper. Paris: Félix Alcan, 1931. 
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THE PATHOGENIC STREPTOCOCCI. THE ROLE OF THE STREPTOCOCCI IN SCARLET 
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